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Preface 


In  discussing  this  round  robin  testing  program,  certain  commercial 
components  were  used  and  are  identified  in  order  to  provide  a  descriptive 
characterization  of  their  features.   Inclusion  of  a  given  component  in 
this  report  in  no  case  implies  a  recommendation  or  endorsement  by  the 
National  Bureau  of  Standards,  and  the  presentation  should  not  be  construed 
as  a  certification  that  any  component  would  provide  the  indicated  performance. 
Similarly,  the  omission  of  a  component  does  not  imply  that  its  capabilities 
are  less  than  those  of  the  included  components.   This  report  is  intended 
to  be  informative  and  instructive  and  not  an  evaluation  of  any  commercially 
available  components. 
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Results  and  Analysis  of  a  Round  Robin 
Test  Program  for  Liquid-Heating 
Flat-Plate  Solar  Collectors 

By 

Elmer  R.  Streed,  William  C.  Thomas,  Aaron  G.  Dawson,  III 
Byard  D.  Wood,  and  James  E.  Hill 

Abstract 


A  round  robin  test  program  was  conducted  at  21  United  States  test  facili- 
ties, using  a  common  test  procedure,  to  determine  the  intercomparability  of 
theinnal  performance  data  pertaining  to  two  liquid-heating  flat-plate  solar 
collectors. 

The  statistical  analysis  of  the  data  revealed  a  relatively  large  spread 
in  the  measured  values  of  collector  efficiency.   Data  from  approximately 
half  the  facilities  were  then  selected  for  detailed  analysis.   A  collector 
analytical  model  was  used  to  show  that  less  than  one-third  of  the  mean-square 
distance  could  be  attributed  to  different  environmental  conditions  from 
facility  to  facility.   It  was  found  that  the  data  showed  less  scatter  for 
one  of  the  two  collectors  than  for  the  other.   In  general,  the  data  were 
consistent  for  any  single  facility;  most  of  the  scatter  was  therefore 
attributed  to  systematic  uncertainties  from  facility  to  facility.   When  the 
data  from  six  participants  reportedly  adhering  to  the  requirements  of  ASHRAE 
Standard  93-77  were  analyzed,  the  scatter  was  found  to  be  within  normal 
limits  expected  for  the  test  procedure. 


Key  Words:   Measurement;  modelling;  solar;  standards;  testing 


1.   Introduction 


A  proposed  procedure  for  testing  and  rating  solar  collectors  based  on 
thermal  performance  was  first  published  by  the  National  Bureau  of  Standards 
(NBS)  in  1974  [1-3] .   The  procedure  prescribed  that  a  series  of  outdoor  steady- 
state  tests  be  conducted  to  determine  the  near-normal-incidence  efficiency  of 
the  collector  over  a  range  of  collector  operating  temperature  conditions. 
The  American  Society  of  Heating,  Refrigerating  and  Air-Conditioning  Engineers 
(ASHRAE)  has  recently  adopted  ASHRAE  Standard  93-77  [4] ,  which  is  similar 
to  the  original  NBS  procedure  but  calls  for  additional  tests  to  determine 
the  collector  time  constant,  as  well  as  an  incident  angle  correction  factor 
that  can  be  applied  to  the  near-normal-incidence  efficiency  to  determine 
collector  performance  as  a  function  of  incidence  angle. 

Since  the  publication  of  the  NBS  procedure  [1] ,  several  testing  loops 
have  been  built  at  the  NBS  site  in  Gaithersburg,  Md.  and  experiments  conducted 
to  verify  the  applicability  of  the  test  procedure  to  a  variety  of  commercially- 
available  collectors.   In  addition,  experiments  have  been  conducted  to  support 
the  development  of  the  new  tests  which  have  been  included  as  part  of  ASHRAE 
Standard  93-77.   The  results  of  these  experiments  will  be  forthcoming  in  a 
separate  publication. 

A  second  major  part  of  the  NBS  solar  collector  test  development  work  has 
consisted  of  the  round  robin  testing  program  described  in  this  report.   The 
purpose  of  the  program  was  to  have  a  variety  of  testing  laboratories  across 
the  United  States  attempt  to  utilize  the  test  procedure  and  then  determine 
the  extent  to  which  the  results  differed  or  were  comparable. 


2.   Collector  Performance 


The  performance  of  flat-plate  collectors  operating  under  steady-state  condi- 
Itions  can  be  described  by  the  following  relationship  [5]: 

-^   =  I(Ta)e  -  U  (t   -  t  )  (1) 

A  L   p    a 


where  q     =  useful  heat  output,  W 

2 
A     =  cross-sectional  area,  m 

I     =  total  solar  energy  incident  upon  the  plane  of  the 
collector  per  unit  time  per  unit  area,  W/m"^ 


(xa)^  =  effective  transmittance-absorptance  product  for 
the  cover  plate-absorber  combination 


e 


U^     =  heat  transfer  loss  coefficient  for  the  solar 
collector,  W/(in^*°C) 

t     =  average  temperature  of  the  absorber  surface  of 
the  solar  collector,  °C 

t     =  ambient  air  temperature,  °C 

If  one  introduces  the  definition  of  either  the  collector  efficiency  factor 

F'  or  the  collector  heat  removal  factor  F   [6] ,  equation  (1)  can  be  rewritten* 


"^u    .  ,   ,     .     ^f,i  "^  ''f.e  ,  , 

—  =  F'I(Ta)   -  F'U.  '■ —-^^  (2) 

A  ^      ^       2        ^ 


or 


T=  V(^°')e  -  W   (tf,i  -  ta)  (3) 


where  ^^   -  temperature  of  the  heat  transfer  fluid 

leaving  the  collector,  °C 

tf    ■      =  temperature  of  the  heat  transfer  fluid 
entering  the  collector,  °C 


If  the  solar  collector  efficiency  is  defined  by 


n  =^  (4) 

AI 

then  the  efficiency  can  be  written  as 


n  =  (Ta)3  -  Ul  ^P  ,  ^^  (5) 


*  Equation  (2)  is  only  approximately  correct.   The  collector  efficiency  factor 
F'  is  defined  in  terms  of  the  local  fluid  temperature  and  since  the  fluid 
temperature  varies  exponentially  from  inlet  to  exit,  equation  (2)  is  incorrect, 
The  error  is  insignificant  for  flat-plate  collectors  using  a  liquid  heat 
transfer  fluid  but  can  be  significant  for  those  using  air. 


or 


^f,i^^f,e 


-*^a 


Ti  =  F'(Ta)g  -  F'U^  (6) 


or 

n  =  FR(xa)e  -  Vl  -^ (7) 


f  .1    a 


Regardless  of  which  form  of  the  efficiency  equation  is  used,  equations 
(5-7)  indicate  that  if  the  efficiency  is  plotted  against  some  appropriate 
parameter  (At/1),  a  straight  line  will  result  where  the  slope  is  some  function 
of  Uj^  and  the  y  intercept  is  some  function  of  (Ta)g«   In  reality  Ut  is  not 
a  constant  but  rather  a  function  of  the  operating  temperature  of  the  collector 
and  of  the  ambient  weather  conditions  such  as  air  temperature,  sky  temperature, 
and  wind  velocity  and  direction.   In  addition,  (Ta)g  varies  with  incident 
angle  to  the  collector  and  can  vary  to  some  extent  as  a  function  of  the 
spectral  and  spatial  distribution  of  the  incoming  solar  radiation. 


3.   Collector  Test  Procedure 

The  procedure  proposed  by  NBS  in  references  1  and  2  is  based  on  collectors 
that  can  be  isolated  so  that  they  have  effectively  one  inlet  and  one  outlet. 
The  energy  of  the  fluid  entering  and  leaving  the  collector  can  be  determined 
by  making  appropriate  measurements.   These  quantities  are  then  compared  to 
the  energy  incident  upon  the  collector  (also  determined  by  measurement)  in 
order  to  calculate  the  collector  efficiency.   The  fluid  can  be  either  a  liquid 
or  a  gas  but  not  a  combination  of  the  two. 

As  part  of  the  procedure,  the  apparatus  to  be  used  is  specified  when 
the  heat  transfer  fluid  is  a  liquid  (Figure  1)  or  air  (Figure  2).   The  detailed 
requirements  of  the  apparatus  are  given  along  with  specifications  for  instru- 
mentation to  be  used  in  measuring  incident  solar  radiation,  temperature, 
temperature  difference,  liquid  flow  rate,  air  flow  rate,  pressure,  pressure 
drop,  time  and  weight.   For  the  specification  of  instrumentation,  emphasis 
was  placed  on  utilizing  existing  standards  and  other  manuals  of  acceptable 
' practice. 

The  series  of  tests  consists  of  determining  the  average  efficiency  for 
15-minute  periods  (integrating  the  energy  quantities)  over  a  range  of  tempera- 
ture differences  between  the  average  fluid  temperature  and  the  ambient  air. 
The  efficiency  is  then  calculated  by 


jmcp  (tf^^  -  tf^i)  dx 


0 

Tl  =  


(8) 


A 


J  I  dx 
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where 

m  =  mass  flow  rate  of  the  heat  transfer  fluid,  kg/s 
c   =  specific  heat  of  the  heat  transfer  fluid,  J/ (kg  *  C) 

The  flow  rate  is  required  to  be  steady  and  vary  by  less  than  +  1.0  percent 
for  the  duration  of  each  test.   In  addition,  the  heat  transfer  fluid  shall 
have  a  known  specific  heat  which  varies  by  less  than  0.5  percent  over  the 
temperature  range  of  the  fluid  during  a  particular  15-minute  test  period. 
Consequently,  the  efficiency  can  be  determined  by 


r 

1  =  (9) 


A 


J   I  dx 
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The  test  apparatuses  specified  in  references  1  and  2  have  been  designed 
so  that  the  temperature  of  the  fluid  entering  the  collector  can  be  controlled 
to  selected  values.   This  feature  is  used  to  obtain  the  data  over  the  tempera- 
ture range  desired.   At  least  16  data  points  are  required  for  a  complete 
test  series  and  they  must  be  symmetrical  with  respect  to  solar  noon  (to 
prevent  biased  results  due  to  possible  transient  effects). 

During  each  test  period,  the  incident  solar  radiation  must  be  "quasi- 
steady"  as  indicated  in  Figure  3  (in  contrast  to  days  in  which  cloud  cover 
can  cause  a  time  distribution  such  as  shown  in  Figure  4) .   Other  require- 
ments that  must  be  satisfied  for  each  data  point  are  that  the  15-minute  aver- 
age insolation  be  greater  than  630  W/m  and  the  incident  angle  between  the 
direct  solar  beam  and  the  outward  drawn  normal  from  the  collector  be  less 
than  45°.   In  addition,  the  range  of  ambient  temperatures  for  the  entire  test 
series  must  be  less  than  30°C. 

In  developing  the  test  procedure  and  writing  the  specific  requirements, 
one  main  area  of  concern  was  ensuring  that  the  measurements  made  would  be 
sufficiently  accurate  so  that  the  collector  efficiency  values  would  be  meaning- 
ful. 

It  is  recommended  that  the  temperature  rise  in  the  heat  transfer  fluid 
passing  through  the  solar  collector  be  measured  with  either  a  thermopile  (air 
or  liquid  as  the  transfer  fluid)  or  calibrated  resistance  thermometers  (only 
with  a  liquid).   It  is  felt  that  an  accuracy  of  ±  0.1°C  is  possible  with  such 
sensors  and  associated  read-out  devices.   A  variety  of  liquid  flow  meters 
are  available  that  will  enable  m  to  be  determined  to  within  +  1  percent  of 
the  measured  value.   The  measurement  of  the  incident  solar  radiation  using 
pyranometers  is  perhaps  the  most  critical  and  least  accurate  of  all  the  mea- 
surements specified.   As  described  in  reference  2  typical  accuracies  of  better 


than  5  percent  are  difficult  to  attain.   However,  Latimer  has  shown  [7] 

that  it  is  possible  to  obtain  an  accuracy  of  +  2.3  percent  with  the 

better  pyranometers  provided  they  have  been  calibrated  directly  against 

a  primary  or  a  working  standard  pyrhellometer  using  the  sun  as  a  source 

and  that  they  are  properly  installed  and  maintained.   Based  on  this  analysis, 

the  test  procedure  should  result  in  efficiency  values  accurate  to  within 

+  4-5  percent. 

As  mentioned  previously,  ASHRAE  has  recently  adopted  Standard  93-77 
which  is  similar  to  the  NBS  procedure.   It  was  not  adopted  in  time  to  be 
specified  in  this  round  robin  test  program;  however,  its  main  features  will 
be  described  here  for  purposes  of  comparison. 

The  major  changes  in  the  conduct  of  the  efficiency  tests  as  specified 
in  Standard  93-77  compared  to  that  specified  in  the  NBS  procedures 

[1  and  2]  are  as  follows: 

/ 

1.  The  testing  apparatus  for  water-cooled  collectors  has  been 
modified  to  include  a  storage  tank  for  damping  out  thermal 
transients  and  a  by-pass  for  periodically  calibrating  the  flow 
meter  in  place. 

2.  The  testing  apparatus  for  air  heaters  has  been  rearranged  so 
that  air  is  "pulled"  through  the  collector  instead  of  being 
blown  through  it  (slight  negative  gage  pressure  in  the  collector). 

3.  More  stringent  requirements  have  been  Included  for  the  measure- 
ment of  solar  radiation.   Only  pyranometers  which  meet  or  ex- 
ceed the  characteristics  of  a  first  class  pyranometer  as  classi- 
fied by  the  World  Meteorological  Organization  [8]  are  allowed. 

4.  In  conducting  the  test,  data  must  be  taken  when  the  incident 
angle  is  less  than  30°  (compared  to  45°  in  [1,  2]). 

5.  The  time  period  required  for  the  integration  of  energy 
quantities  to  compute  one  efficiency  value  has  been  de- 
creased from  15  minutes  to  either  5  minutes  or  one  time 
constant,  whichever  is  larger. 

6.  In  computing  efficiency,  the  gross  frontal  area  of  the 
collector  is  used  instead  of  aperture  area. 

7.  The  efficiency  curve  is  drawn  by  plotting  efficiency  versus 
the  difference  between  inlet  fluid  temperature  and  ambient 
temperature  divided  by  the  incident  solar  radiation.   (Aver- 
age fluid  temperature  is  used  in  the  NBS  procedures  [1,  2].) 
Inlet  fluid  temperature  was  chosen  to  be  used  in  the  plot 
primarily  because  the  characteristics  of  the  collector  required 
for  the  system  design  procedures  as  reported  in  references 

9  and  10  can  be  determined  directly  from  the  curve. 


The  major  new  features  of  Standard  ^Z-ll   compared  to  the  NBS  procedures 
[1,  2]  are: 

1.  The  collector  is  required  to  undergo  a  preconditioning  test 
prior  to  the  start  of  the  thermal  tests.   The  collector 

must  be  exposed  for  three  cumulative  days  with  no  fluid  pass- 
ing through  it  and  with  the  mean  incident  solar  radiation 
measured  in  the  plane  of  the  collector  exceeding  17,000 
kJ/(m^*day). 

2.  Prior  to  conducting  the  efficiency  tests,  a  time  con- 
stant test  is  done. 

3.  After  completing  the  efficiency  tests,  a  series  of  tests  is 
conducted  to  determine  the  collector's  incident  angle  modi- 
fier. 

4.  The  entire  group  of  tests  may  be  performed  indoors  using 
a  solar  simulator  if  desired.   The  specifications  for  the 
simulator  are  included  and  follow  closely  those  of  references 
[11-13]. 

4,   Round  Robin  Program  Description 

Participants  in  the  program  were  obtained  by  soliciting  interest  with  a 
Sources  Sought  Announcement  in  the  May  15,  1975  Commerce  Business  Daily  and 
by  individual  letters  to  organizations  known  to  be  interested  in  solar 
collector  testing.   The  program  was  designed  to  provide  experimental  data 
from  various  climatic  regions  and  test  facilities  on  two  flat-plate  liquid- 
heating  collectors  with  different  heat  transfer  and  optical  properties. 
Final  selection  of  the  organizations  was  made  on  the  basis  of  test  facility 
experience,  climatic  and  geographic  regions,  cost  to  modify  facility  and 
labor  to  conduct  the  test,  and  willingness  to  conduct  the  test  in  accordance 
with  the  NBS  proposed  procedure.   A  total  of  21  organizations,  including 
three  Government  laboratories,  as  listed  in  Appendix  A,  participated  in  test- 
ing each  collector.   The  distribution  of  participants  with  respect  to  geo- 
graphical and  climatic  regions  is  shown  in  Figure  5. 

Because  of  the  large  interest  in  the  program,  the  relatively  large 
number  of  climatic  regions,  and  the  time  required  to  perform  the  test,  it  was 
impractical  to  send  the  same  two  collectors  to  each  participant.   Therefore, 
collectors  were  selected  with  sufficiently  stable  component  properties  and 
from  manufacturers  with  established  quality  assurance  methods  capable  of  keeping 
thermal  property  variations  to  a  minimum.   One  collector  of  each  type  was 
shipped  to  each  participant  for  testing. 

Collector  No.  1  (PPG  Industries)  consisted  of  two  3.2  mm-thick  tempered 
glass  cover-plates  and  an  aluminum  absorber  plate  with  a  flat-black  coating 
assembled  into  a  sealed  unit.   The  assembly  was  attached  to  a  sheetmetal  box 
containing  glass -fiber  insulation  as  shown  in  Figure  6.   Measurements  made 


at  the  manufacturer's  plant  of  the  absorber  coating  thickness  on  each  of  the 
21  panels  indicated  variations  from  the  center  to  the  edge  of  about  0.0076  mm 
in  the  range  of  0.0127  to  0.0203  mm.   The  relationships  between  coating  solar 
absorptance  (og),  normal  emittance  (£„)  and  thickness  are  shown  in  Figure  7. 
Independent  measurement  of  Og  and  eTj  (hemispherical  emittance)  using 
actual  coated  samples  resulted  in  values  of  0.94  and  0.92,  respectively.* 
The  solar  transmittance  of  the  glass  used  in  the  cover-plate  assembly  was 
determined  to  be  0.85  for  an  air  mass  2  spectral  distribution  (measurements 
were  made  on  untempered  glass).   The  glass  normal  emittance  was  measured  to 
be  0.85.   While  the  collectors  were  carefully  selected  at  the  manufacturer's 
plant,  no  other  provisions  were  made  to  control  the  reproducibility  of  the 
sample  of  collectors  used  in  the  program.   Analysis  of  the  known  variations 
in  collector  properties  indicates  that  the  efficiences  should  be  reproducible 
to  within  1  or  2%  if  measured  under  identical  conditions. 

Collector  No.  2  consisted  of  one  3.2  mm-thick  tempered  glass  cover-plate 
(Chamberlain  Manufacturing  Company  (CMC))  with  a  seam-welded  mild  steel  absorber 
coated  with  a  black  chrome  selective  coating.   The  absorber  was  mounted  on  a 
thermal  insulator  and  backed  with  glass-fiber  insulation.   The  entire  assembly 
was  mounted  in  a  steel  frame  with  a  sheetmetal  back  and  aluminum  glazing  frame 
as  shown  in  Figure  8.   Spectral  reflectance  measurements  made  of  six  30.48  cm 
specimens  coated  at  the  same  time  as  the  absorber  panels  indicated  a  solar 
absorptance  of  the  black  chrome  coating  of  0.95.   The  normal  emittance 
of  the  coatings  was  measured  to  be  0.14**  The  coating  manufacturer*** 
also  measured  the  solar  absorptance  and  emittance  of  each  panel  using  port- 
able optical  instrumentation.   Those  results  are  included  in  Table  1. 

A  list  of  the  pertinent  dimensions,  optical  properties,  and  materials 
for  each  collector  is  presented  in  Table  1. 

5.   Results  and  Statistical  Analysis 
of  Data 


The  primary  result  reported  by  each  participant  was  a  plot  of  collector 
efficiency,  r\,   versus   f , e    f , i 7 1  along  with  the  testing  conditions  for 
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each  of  the   data  points.   A  summary  of  the  data  is  given  in  Table  2  and 
Table  3  for  collectors  No.  1  and  No.  2,  respectively.   The  values  of  F'(xa)p 
and  F'U-r  were  determined  by  a  first-order  least-square-fit  to  all  measured 
data  points.   Mean  and  standard  deviation  values  were  calculated  for  these 
two  parameters  for  the  group,  using  the  following  statistical  equations: 


*  Lockheed  Palo  Alto  Research  Laboratory,  Palo  Alto,  California. 

**  Gier-Dunkle  Instrument  Co.,  Emissometer  Model  DB-100,  Santa  Monica, 
California 

***  Olympic  Plating  Company,  Canton,  Ohio. 
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The  percent  deviation  from  the  mean  for  each  set  of  data  points  is  also  shown 
in  the  Tables. 

An  indication  of  the  spread  and  distribution  of  F'(Ta)  values  for  each 
collector  are  shown  in  Figure  9.   The  greater  frequency  of  values  about  the 
mean  for  collector  No.  2  is  probably  due  to  the  fact  that  more  of  the  data 
were  taken  at  smaller  incidence  angles  for  this  collector  than  for  collector 
No.  1.   An  early  version  of  ASHRAE  Standard  93-77  was  out  for  public  review 
before  most  participants  started  testing  collector  No.  2.   Since  it  required 
the  incident  angle  to  be  less  than  30°  (compared  to  45°  in  the  [1,  2]),  many 
participants  were  undoubtedly  influenced  to  test  closer  to  solar  noon. 

The  relatively  large  standard  deviation  of  7.7%  for  F'(Ta)   for  collector 
No.  1  was  not  expected.   It  is  felt  that  one  major  source  of  the  deviation 
was  the  use  of  a  "black-and-white"  pyranometer,  model  8-48^ by  eight  partici- 
pants.  It  has  been  reported  [14]  that  the  calibration  factor  (determined 
originally  with  the  instrument  in  the  horizontal  position)  of  a  similarly- 
designed  instrument  changed  from  3  to  8%  as  the  instrument  was  tilted  up 
from  the  horizontal  to  typical  angles  used  for  collector  testing.   The  mean 
value  of  the  F'(Ta)  values  for  those  collectors  (No.  1)  where  the  "black 
and  white"  pyranometer  was  used  is  0.79  compared  to  a  mean  value  of  0.725 
for  those  collectors  where  an  "all-black"  (model  PSP)  pyranometer  was  used. 
By  arbitrarily  reducing  the  measured  F'(Ta)  values  in  Group  1  by  0.065, 
a  new  mean  value  for  F'(Ta)   for  all  21  participants,  of  0.73  would  result 
for  collector  No.  1.   This  correction  would  reduce  the  standard  deviation 
in  F'(Ta)g  to  +  0.05  or  +  6.8%. 

Only  five  of  the  participants  used  the  "black-and-white"  pyranometer 
for  collector  No.  2  and  the  standard  deviation  was  only  +  0.039  or  +  4.64% 
about  the  mean  of  0.84.   In  addition,  two  participants  apparently  used  the 
gross  area  rather  than  the  aperture  area  to  calculate  the  efficiency,  which 
resulted  in  a  5%  low  value  of  F'(Ta)  .   Correction  of  these  values  would 
reduce  the  standard  deviation  to  ±  0.03  or  +  3.6%. 


A  similar  plot  of  the  distribution  of  reported  values  for  F'Uj  for  both 
collectors  is  shown  in  Figure  10.  As  can  be  seen,  the  variation  in  reported 
results  is  large.  The  standard  deviation  about  the  mean  of  6.43  W/(m  .  c) 
for  the  collector  No.  1  is  ±  1.01  W/(m  .  t)  or  ±  15.7%.  For  collector  No.  2, 
the  mean  is  4.37  W/(m  -  t)  with  a  standard  deviation  of  ±  1.20  W/Cm.t)  or 
+27.7%.  In  order  to  explain  the  variation,  a  close  examination  was  made  of 
the  reported  data. 

As  shown  in  Figure  6  for  collector  No.  1,  the  absorber  plate  is  in  thermal 
contact  with  the  outside  mounting  and  cover-plate  frame.   Therefore,  the  edge 
losses  are  dependent  upon  the  collector  array  mounting  configuration  and 
can  be  particularly  significant  when  an  individual  panel  is  exposed.   The 
influence  of  edge  losses  in  F'Ut  is  shown  in  Figure  11.   The  variation,  from 
no  edge  loss  to  an  edge  loss  of  about  3  times  the  value  of  0.5  W/(m.  C)  for 
a  typically  insulated  edge,  results  in  a  percentage  difference  of  +  7%  to  -26% 
from  the  mean  value  of  F'Ut  reported  for  the  collector. 

Each  participant  was  requested  to  enclose  the  No.  1  collector  in  a  5  cm  x 
10  cm  frame  with  a  plywood  backing  to  provide  a  more  uniform  test  situation  for 
this  collector.   A  review  of  the  collector  mounting  procedures  plus  the  de- 
scription of  the  actual  tests  indicated  that  some  unusual  conditions  did  exist. 
For  example,  extra  insulation  was  used  around  the  back  and  edges  of  some  of  the 
collectors,  mass  flow  rates  different  from  the  prescribed  0.02  kg/(s.m  )  were 
used,  and  incidence  angles  exceeded  45  degrees  in  some  cases.   By  omitting  these 
data  from  the  analysis,  a  new  mean  value  of  F'U-r  of  6.56  W/(m.  t)   would  result 
with  a  standard  deviation  of  ±  0.75  W/(m^.  C)  or  ±  11.4%. 

The  influence  of  one  extreme  value  for  F'Ut  for  collector  No.  2  had  a 
large  effect  on  the  statistical  analysis.   By  considering  the  value  of  1.6 
W/Cm"^*!;)  to  be  an  outlyer  [15]  and  therefore  omitted,  the  mean  value  of  F'Ut 
would  become  4,58  W/(m  .  "c)  and  the  standard  deviation  +  0.775  W/(m%  *fc) 
or  ±  16.8%. 

The  significantly  lower  overall  loss  coefficient  for  collector  No.  2  is 
due  in  part  to  better  thermal  insulation  of  the  absorber  plate  from  the 
exterior  environment  and  the  use  of  a  selective  coating.   However,  the 
single  glazing  makes  the  collector  heat  loss  more  susceptible  to  wind  and 
ambient  temperature.   The  range  in  measured  values  of  overall  loss  coefficient 
for  the  five  collectors  that  exhibited  F'da)  values  of  0.85  (very  close 
to  the  corrected  mean  of  0.844)  are  +  20%  and  -  17%  from  the  mean  as  illu- 
strated in  Figure  12. 

6.   Analysis  of  the  Effect  of  Environmental 
Conditions 


It  was  felt  that  the  range  of  environmental  conditions  existing  during 
the  tests  at  the  various  facilities  across  the  country  undoubtedly  caused 
a  portion  of  the  data  scatter.   In  order  to  determine  the  amount,  one  of 
the  round  robin  participants,  W.C.  Thomas  and  his  graduate  student  A.G. 
Dawson,  III  of  Virginia  Polytechnic  Institute  and  State  University  undertook 
a  detailed  analysis  of  the  data.   The  results  of  that  study  are  reported 


in  this  Section  [16] .   The  general  approach  used  was  to  reference  all  measured 
thermal  efficiencies  to  a  common  set  of  environmental  conditions  by  using 
analytical  models  for  the  two  flat-plate  collectors  tested. 

Screening  and  Selection  of  Data 

The  data  were  examined  for  complete  documentation  and  consistency  with 
respect  to  test  conditions.   The  objective  was  to  assemble  at  least  ten  com- 
plete sets  of  data.   It  should  be  noted  that  regional  location,  altitude, 
and  climatic  conditions  at  the  testing  laboratories  were  not  criteria  for 
screening  the  data.   After  the  screening  process,  12  sets  were  selected  for 
collector  No.  1  (PPG)  and  10  sets  were  selected  for  collector  No.  2  (CMC). 
Typically,  test  results  were  not  included  in  the  analysis  because  diffuse 
fractions,  wind  speed,  ambient  temperature,  incident  angles,  or  type  of  test 
fluid  were  not  available.   In  some  cases,  the  calculated  results  required 
by  [1,  2]  were  incomplete.   Where  possible,  these  were  completed  and  the 
results  used.   For  example,  incident  angles  were  calculated  provided  the  times 
of  testing  and  collector  orientation  were  reported.   Results  for  more  than 
the  required  16  data  points  were  given  by  some  participants.   For  these  cases, 
the  16  points  nearest  solar  noon  were  selected.   The  additional  points  were 
not  included  to  avoid  weighting  the  particular  facility  more  heavily  than 
the  others. 

The  data  corresponding  to  the  figures  to  be  shown  in  this  Section  are 
tabulated  in  Appendix  B.   Testing  organizations  are  identified  by  the  letter 
designation  of  Tables  2  and  3.   The  solid  curves  shown  are  least-squares 
second-order  polynomials  unless  noted  otherwise.   Following  reference  [17], 
the  mean  value  of  the  square  of  the  distance  f rom_  the  points  to  the  curve 
("mean  square")  is  used  to  compare  the  closeness  of  correlations. 

Figure  13  shows  the  efficiencies  as  reported  by  the  12  selected  organiza- 
tions for  collector  No.  1.   The  abscissa  values  were  recalculated  from  the  data 
so  that  the  efficiency  curve  could  be  drawn  using  inlet  fluid  temperature  in- 
stead of  average  fluid  temperature.   This  abscissa  selection  makes  the  plot 
consistent  with  [4] .   The  points  shown  to  the  left  of  the  ordinate  axis  are 
for  tests  where  the  inlet  temperature  was  less  than  the  ambient  temperature. 
Participant  K  reported  two  measurements  where  the  abscissa  was  outside  the 
range  shown.   While  the  results  were  included  in  the  statistical  analysis, 
the  points  are  not  shown  in  the  graphs.   The  second-order  curve  shows  an 

increasing  slope  as   f,i  ~  a  increases  contrary  to  what  would  be  expected 

I 
if  all  data  were  taken  at  one  laboratory. 

Identification  of  the  data  points  in  Figure  13  with  each  participant 
showed,  generally,  a  small  amount  of  scatter  for  individual  organizations. 
The  spread,  consequently,  results  from  the  differences  in  efficiency  values, 
at  the  same  conditions,  by  the  various  organizations.   The  ordinate  intercept 
for  the  second-order  curve  shown  is  0.731, 

Figure  14  shows  the  results  reported  for  collector  No.  2  as  reported  by 
the  10  selected  participants.   Generally,  the  efficiencies  reported  by  the 
different  laboratories  agree  more  closely  than  do  those  in  Figure  13.   Since 
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this  was  the  second  collector  tested  and  since  the  collector  was  less  sensi- 
tive to  the  method  of  mounting  on  the  test  frame,  the  trend  is  as  expected. 
The  second-order  curve  has  a  continuously  decreasing  slope  with  an  ordinate 
intercept  of  0.80. 

Figures  15  and  16  show  a  subset  of  the  above-selected  test  results  where 
each  facility  shown  reportedly  adhered  to  the  more  stringent  requirements  of 
ASHRAE  Standard  93-77  [4].   There  were  five  organizations  (A,  G,  H,  J,  N) 
testing  the  collector  No.  1  and  seven  organizations  (G,  H,  J,  N,  0,  R,  U) 
testing  collector  No.  2  that  reportedly  met  these  requirements.   Figures  15 
and  16  show  clearly  that  the  differences  are  much  more  pronounced  from 
test  facility  to  test  facility  compared  to  the  scatter  reported  by  a  given 
facility.   There  is  much  less  scatter  associated  with  test  results  shown 
in  Figure  15  and  16  than  in  Figures  13  and  14,  respectively. 

Analysis  Approach 

The  principal  task  was  to  determine  how  much  of  the  scatter  about  the 
curves,  as  shown  in  Figures  13  through  16,  could  be  attributed  to  the  differ- 
ences in  environmental  conditions  under  which  the  tests  were  conducted.   The 
analysis  approach  involved  adjusting  each  of  the  efficiency  values  or  data 
points  up  or  down  depending  on  whether  the  combined  effect  of  the  actual 
test  environment  would  theoretically  result  in  a  higher  or  lower  efficiency 
if  the  same  test  were  conducted  at  a  "reference"  set  of  conditions.   The 
criterion  for  evaluating  the  effect  of  the  data  adjustment  was  to  compare 
the  before  and  after  values  of  the  mean  square  of  the  regression  analysis. 

Measured  efficiencies  as  reported  were  adjusted  to  a  common  set  of  condi- 
tions by  subtracting  the  theoretically-determined  efficiency  at  actual  (experi- 
mental) conditions  from  the  theoretical  efficiency  at  the  common  ("reference") 
condition  and  adding  the  result  algebraically  to  the  experimentally-determined 
efficiency.   The  expression  for  the  corrected  efficiency  is 

n  (std.  conditions,  corrected)  =  n  (actual  conditions,  measured)  + 

[ti  (std.  conditions,  theoretical)  - 
n  (actual  conditions,  theoretical)]   (12) 

Applying  the  correction  required  a  theoretical  thermal  performance  analytical 
model  and  the  configuration,  dimensions,  and  heat  transfer  properties  for  each 
collector.   It  should  be  noted,  however,  that  the  theory  was  used  only  to 
determine  an  efficiency  difference.   Therefore  small  uncertainties  in  collector 
properties  and  the  analytical  model  would  have  had  an  even  smaller  effect 
on  the  corrected  efficiency  values. 

"Reference"  conditions  selected  were  generally  the  mean  values  of  the 
reported  test  conditions  reported  with  round-off  to  convenient  values.   This 
criterion  for  a  set  of  "reference"  conditions  resulted  in  the  minimum  overall 
adjustment  of  data.   The  "reference"  environmental  conditions  selected  are 
shown  in  Table  CI  of  Appendix  C, 
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Description  of  Analytical  Model 

The  collector  model  used  was  based  on  state-of-the-art  collector  theory 
as  siimmarized  in  reference  [6].   Extensions  have  been  made  to  account  for 
the  effects  of  the  scattered  component  of  solar  radiation  and  temperature 
and  composition  of  the  heat  transfer  fluid.   The  presence  of  scattered  radia- 
tion effectively  changes  the  transmittance  of  the  cover-plate  assembly. 
Scattered  radiation  is  accounted  for  by  considering  two  limiting  cases.   The 
scattered  radiation  is  assumed  to  be  either  completely  diffuse  or  from  an 
apparent  origin  near  the  sun. 

All  the  test  facilities  which  furnished  the  results  under  consideration 
used  either  water  or  ethylene  glycol-water  mixtures  as  the  transfer  fluid. 
The  properties  of  glycol  mixtures,  as  functions  of  temperature  and  concentra- 
tion, were  taken  from  reference  [18]  and  programmed  as  an  interpolation  table. 

The  complete  details  of  the  model  and  equations  and  how  they  were  solved 
are  given  in  Appendix  C. 

Use  of  the  Analytical  Model 

After  the  data  were  compiled,  a  set  of  cards  was  prepared  for  each  test 
facility  with  operating  conditions,  environmental  conditions,  and  measured 
efficiencies  encoded.   The  collector  design  parameters  and  "reference"  condi- 
tions were,  of  course,  the  same  for  all  test  facilities.   Corrections  to 
the  measured  efficiencies  were  then  made  progressively  by  accounting  for  one 
operating  environmental  variable  at  a  time.   Using  the  inlet  fluid  tempera- 
ture in  the  abscissa  rather  than  the  mean  fluid  temperature  resulted  in  a 
considerable  simplification.   Had  the  mean  fluid  temperature  been  used,  it 
would  have  been  necessary  to  carry  out  a  separate  calculation  to  correct  the 
mean  fluid  temperature  to  "reference"  conditions.   As  the  corrections  to 
"reference"  conditions  were  applied  progressively,  the  mean  squares  were  used 
to  evaluate  the  effectiveness  of  that  particular  correction.   In  addition, 
the  graphs  were  studied  visually  by  superimposing  them  on  previous  graphs 
to  observe  trends . 

A  separate  statistical  analysis  plot  routine  and  package  were  used  to 
prepare  the  graphs.   The  graphs  were  drawn  by  a  Calcomp  plotter  in  conjunction 
with  Virginia  Polytechnic  Institute  and  State  University's  IBM  370/158  digital 
computer.   Second-order  polynomial  representations  of  collector  efficiency 
were  used  since  the  representation  essentially  duplicated  the  results  of  the 
analytical  model  at  "reference"  conditions.   (The  mean  squares  of  the  fits 
to  the  standard  theoretical  curves  were  less  than  0.02),   Other  considera- 
tions that  were  taken  into  account  in  the  decision  to  use  the  second-order 
equation  include  the  requirements  of  ASHRAE  93-77  [4]  and  the  observation 
that  a  linear  fit  gives  somewhat  higher  than  expected  values  of  the  ordinate 
intercept  Fj^(Ta)g. 

Results 

The  results  with  all  the  environmental  and  operating  conditions  consid- 
ered are  shown  graphically  in  this  section  and  in  tabular  form  in  Appendix  B. 
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In  all  the  graphs  that  show  discrete  efficiency  points,  the  solid  lines 
are  least-squares  curves  rather  than  a  comparison  per  se  with  the  theore- 
tical model. 

Figures  17  through  20  show  the  theoretical  effect  on  efficiency  of 
environmental  conditions.   The  abscissas  correspond  approximately  to  the 
ranges  reported  in  the  round  robin  program.   The  curves  show  the  effect 
of  a  single  parameter  with  the  others  constant  at  "reference"  values. 
Note  that  (t^  .  -  t  )/l  is  held  constant  for  each  plot.   The  effects 
of  parameters 'depend  strongly  on  the  inlet  temperature.   The  two  inlet 
temperatures  selected  to  depict  the  results  are  10°C  and  70°C  above  ambient 
which  brackets  the  recommended  test  range  [1,  2,  4].   In  view  of  Figures 
17  through  20,  the  expected  efficiency  changes  resulting  from  correcting 
to  "reference"  conditions  are  generally  not  large,  as  will  be  shown  below, 
compared  to  the  more  extreme  differences  noted  in  Figures  13  through  16. 

Figure  21  shows  the  theoretical  efficiency  values  calculated  for  col- 
lector No.  1  for  the  actual  conditions  reported  by  the  12  selected  partici- 
pants.  The  curve  has  a  slightly  increasing  slope.   The  shape  indicates 
that  this  combination  of  environmental  conditions  overshadows  the  increase 
of  Uj  with  temperature.   The  scatter  about  the  curve  is,  of  course,  justified 
in  the  absence  of  any  experimental  error.   The  efficiency  spread  at  the 

I  abscissa  value  of  0.07  (°C.m  )/W  is  pronounced  but  does  not  completely  account 
for  the  spread  at  the  corresponding  value  in  Figures  13  and  15.   Figure  22 
shows  the  calculated  efficiency  for  collector  No.  1  at  "reference"  conditions. 
Figure  23  shows  efficiencies  corrected  for  all  environmental  and  operating 
conditions.   The  mean  squares  are  reduced  from  27.9  in  Figure  13  to  20.6 
(percentage  points-squared)  in  Figure  23.   It  is  significant  to  note  that 

II  the  increasing  slope  is  essentially  removed  in  Figure  23  as  a  result  of  the 
il  correction. 

Figure  24  shows  the  theoretical  efficiencies  calculated  for  the  collec- 
tor No,  1  tests  that  reportedly  met  ASHRAE  93-77  requirements.   The  slightly 
increasing  slope  observed  in  Figure  15  is  suppressed  and  the  scatter  is  not 
as  large.   Figure  25  shows  the  corrected  efficiencies.   The  mean  square  is  reduced 
from  23.2  in  Figure  15  to  17.1  in  Figure  25  as  a  result  of  accounting  for  the 
differences  in  test  conditions.   The  mean  square  of  17.1  in  Figure  25  is 
less  than  the  value  of  20.6  in  Figure  23. 

The  theoretical  efficiency  values  for  the  actual  test  conditions  are 
shown  for  collector  No.  2  in  Figure  26,   Here,  as  for  all  the  collector 
No.  2  curves,  the  combination  of  test  conditions  and  collector  performance 
characteristics  result  in  a  second-order  curve  with  a  slightly  decreasing 
slope.   The  scatter  resulting  from  different  test  environments  is  again  sub- 
stantial but  does  not  fully  account  for  the  scatter  observed  in  Figure  14. 
The  theoretical  efficiency  curve  at  "reference"  conditions  is  shown  in 
Figure  27. 

Applying  the  corrections  to  the  efficiencies  shown  in  Figure  14,  the 
result  for  collector  No.  2  is  shown  in  Figure  28.   The  mean  square  is  reduced 
from  17.5  to  13.5  in  accounting  for  different  environmental  and  test  condi- 
tions.  Many  of  the  points  that  are  farther  away  from  the  best-fit  curve 
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still  appear  in  Figure  28.   Restricting  the  results  to  those  tests  which 
reportedly  met  ASHRAE  93-11   conditions,  Figure  29  shows  the  theoretically 
justifiable  scatter.   Figure  30  shows  the  corresponding  corrected  results 
from  the  seven  organizations.   Comparing  Figure  28  with  Figure  3-0,  many, 
but  not  all,  of  the  larger  differences  are  eliminated.   The  mean  square 
is  reduced  from  8.5  in  Figure  16,  to  7.2  in  Figure  30.   A  large  reduction 
in  scatter  is  observed  in  simply  going  from  Figure  14,  with  a  mean  square 
of  17.5,  to  Figure  16  with  8.5.   On  the  other  hand,  the  mean  square  for 
the  corrected  results  in  Figure  28  is  only  about  23  percent  lower  than 
for  Figure  14. 

Figures  16  and  30  show  that  the  efficiencies  reported  by  participant  0 
are  significantly  lower  than  those  reported  by  the  other  six  participants. 
Figures  31  through  33  show  the  consensus  of  the  results  from  the  other 
six  organizations.   The  mean  square  is  substantially  reduced.   The  correc- 
tion process  reduces  the  mean  square  from  4.6  in  Figure  31  to  4.0  in 
Figure  33.   The  best  correlation  obtained  in  the  study,  without  arbitrarily 
omitting  results,  is  that  shown  in  Figure  33. 

Linear  best-fit  curves,  corresponding  to  the  four  principal  figures, 
are  shown  in  Figure  34-37.   These  curves  are  included  so  that  the  intercepts 
and  slopes  can  be  compared  with  the  results  obtained  from  all  21  organizations. 

Table  4  is  a  summary  of  the  pertinent  statistical  information  for  linear 
and  second-order  least-squares  fits  to  the  various  sets  of  efficiencies. 

In  conducting  this  analysis,  it  could  not  be  concluded  which  of  the 
two  limiting  cases  that  were  considered  best  accounts  for  the  effects 
of  scattered  radiation.   Assuming  scattered  radiation  originates  from  a 
direction  near  the  sun,  the  cover  transmittance  is  the  same  for  beam 
and  scattered  radiation.   In  the  other  limiting  case,  scattered  radiation 
was  considered  completely  diffuse  and  a  correction  was  applied.   However, 
the  overall  effects  on  efficiencies  resulting  from  these  corrections  were 
considerably  less  than  the  experimental  uncertainties. 

Attempts  to  investigate  the  sensitivity  of  the  correlations  to  sky 
temperatures  were  also  inconclusive.   Sky  temperatures  of  ambient  minus  6°C 
for  summer  and  ambient  minus  20°C  for  winter  [6]  were  used  in  place  of 
equation  (6)  of  Appendix  C.   The  mean  squares  changed  by  less  than  1.0  when 
compared  to  the  corresponding  plots  using  equation  (6).   Although  sky  tem- 
peratures may  have  a  significant  effect  on  measured  efficiency,  the  effect 
could  not  be  identified  from  the  information  available. 

An  attempt  was  made  to  test  the  adequacy  of  the  correlations  for  wind, 
percent  scattered,  etc.   It  was  not  possible  to  evaluate  the  individual  corre- 
lations because  of  the  relatively  large  amount  of  scatter  in  the  results 
after  all  other  corrections  had  been  made. 

The  effect  of  different  techniques  for  mounting  collectors  on  test  frames, 
which  would  change  the  back  and  side  insulation,  was  considered.   Again,  no 
general  trends  could  be  associated  with  the  mounting-  technique. 
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In  general,  the  results  from  the  collector  No,  1  tests  show  more  scatter 
than  the  results  from  the  later  collector  No.  2  tests.   The  correction  proce- 
dure, however,  reduced  the  amount  of  scatter  more  for  the  former  test  results. 
Applying  corrections  progressively,  each  effect  considered  either  reduced 
the  mean  square  or  resulted  in  a  change  too  small  to  determine  a  definite 
trend.   Individual  large  deviations  from  the  best-fit  curve  were  reduced 
significantly.   The  many  points  clustered  closer,  however,  were  changed 
with  less  consistent  trends.   The  combined  effect  resulted  in  changes  of 
the  mean  square  which  were  small.   The  scatter  remaining  after  the  correc- 
tions were  applied  is  attributed  primarily  to  experimental  and  data  reduc- 
tion errors  and  will  be  addressed  in  Section  7.   However,  the  limitation 
of  the  correction  theory  and  the  possibility  of  differences  between  the 
12  collectors  must  be  considered.   It  is  also  recognized  that  normal  out- 
door weather  can  have  an  adverse  effect  on  measuring  and  recording  appara- 
tuses. 

Figures  38  and  39  show,  for  the  two  collectors  used  in  the  round  robin 
program,  theoretical  curves  for  more  favorable  and  less  favorable  combina- 
tions of  environmental  conditions.   These  hypothetical  limiting-case  combina- 
tions are  based  on  conditions  and  ranges  allowed  by  ASHRAE  93-77.   The  graphs 
are  included  to  show  the  importance  of  referencing  efficiencies  to  a  common 
environment.   The  approach  developed  herein  could  be  extended  and  verified 
to  apply  more  generally  to  flat-plate  collectors. 


7.   Analysis  of  The  Effect  of 
Random  and  Systematic  Errors 


As  shown  in  Section  6  of  this  report,  there  was  considerable  scatter 
in  the  data  when  considered  as  a  combined  group  (i.e..  Figures  13  and  14); 
however,  the  data  for  an  individual  facility  were  generally  consistent  and 
showed  very  little  scatter.   In  addition,  correcting  the  data  for  the  differ- 
ent environmental  conditions  that  existed  from  facility  to  facility  was 
shown  to  reduce  the  scatter  between  facilities  by  less  than  30%.   Therefore, 
one  concludes  that  either  the  requirements  of  the  test  are  not  restrictive 
enough  or  that  there  were  systematic  errors  which  were  not  accounted  for 
by  the  various  participants.   In  order  to  examine  those  possibilities, 
another  round  robin  participant,  B.D.  Wood  of  Arizona  State  University, 
conducted  the  analysis  reported  in  this  Section. 

The  data  taken  during  a  given  test  are  recorded  and  reduced  to  a  plot  of 
thermal  efficiency,  ri  >  versus  the  parameter  (t^  ^  -  t  )/I,  here  called  X.   Each 
measurement  has  associated  with  it  a  random  or  uncertainty  error  and  a  syste- 
matic error  such  that  (the  specific  heat  is  assumed  to  be  known  exactly): 

(m  ±  w.  +  Am)  c  [(  At^^  ±  w    +  A(Atf)] 

n  ±  w  ±  An  =    1 (13) 

^  (I  ±  wj  ±  Al)  (A  ±  w^  ±  aA) 
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X  ±  wx  ±  AX  = 


[(tf  i  +  Wf^  •  ±  Atf  .)  -  (t   +  w   + 
t,i  -  tfji  -   r,i      a    ta  - 


At^)] 


(I  ±  w-j-  +  AI) 


(14) 


where  At^  =  t^^^  -  t^^. 


w  =  random  or  uncertainty  error  which  could  be  either  positive  or 
negative  with  the  same  probability.   The  sign  of  w  is  indeter- 
minant . 

A  =  systematic  error.   The  sign  could  be  either  positive  or  nega- 
tive and  will  remain  fixed  for  a  given  test  apparatus  (e.g., 
conduction  errors  for  thermocouple  measurement,  calibration 
error  for  pyranometer,  or  radiation  error  for  ambient  air 
temperature  measurement). 

Random  errors  cause  data  scatter  for  a  particular  test  facility.   Syste- 
matic errors  cause  a  disagreement  between  test  facilities.   Since  there  is 
relatively  small  scatter  (less  than  4%)  for  a  given  test  facility,  it  is 
reasonable  to  assume  that  the  discrepancies  among  the  combined  data  are  due 
primarily  to  systematic  errors  at  the  facilities.   However,  if  the  test 
specifications  were  not  tight  enough,  similar  discrepancies  could  occur. 

First  consider  the  scatter  that  could  be  attributed  to  the  experimental 
uncertainty  in  the  specifications  of  the  test  in  [1,  2]  and  [4].   The  maximum 
uncertainty  or  error  allowable  is : 
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The  allowable  uncertainty  or  inaccuracy  in  the  measurements  as  specified 
in  or  estimated  from  [1,  2]  and  [4]  are  such  that: 
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-^  =  ±  0.01 
m 


''Atf  =  +  0.1°C 


-^  =  ±  (0.03  +  %t) 


w, 

-^  =  ±  0.01 
A 


""t^:  .  =  +  0.5°C 
''t^  =  ±  0.5°C 


Therefore 


'S=  ±   (0.05  +  °^+  Oil) 
n  Atj    I 

^=±(0.03+ — li^  +  °il)  (19) 

f  ,1  a 

From  [1,2]  and  [4],  I  >^  630  W/m  ,  therefore  equations  (18)  and  (19)  become: 

W  A  , 

-Jl^  ±  (0.0502  +  ^^-^) 
n  At^ 

Ji:^  ±  (0.0302  + — 5i^^ — )  ,(21) 

^  ^f,i  ^a 

Considering  collector  No.  2,  the  following  typical  test  values  are  taken 
from  Tables  1  and  CI: 

A  =  1.79  m^ 

m  =0.0358  kg/s 

Cp  =  4187  J/(kg.°C) 

I  >  630  W/m^ 

t  =  20°C 
a 

Then,  and  noting  that  At^  can  be  calculated  by: 


Tl  l_k 
'P 


Atf  =  -0— L^  (22) 

m  c 
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Atj  >  7.523T1 


t.  .   >  20  +  630X 


(23) 
(24) 


and 


^  <  +  (0.0502  +  0.10   ) 
n  7.523T1 

^  <  +  (0.0302  +  1.0  ) 
X  630X 


(26) 


Equations  (25)  and  (26)  can  be  used  to  define  the  "maximum  error"  band  for 
the  test  data  for  collector  No.  2.   For  example,  the  data  in  Figure  37 
can  be  correlated  by: 


n  =  0.814  -  4.98X 


(27) 


Then  for  each  value  of  X  and  corresponding  n ,  the  maximum  error  band  allow- 
able from  references  [1,  2]  and  [4]  can  be  calculated  as  follows: 


0.01  0.05 


0.10 


n 

w 


0.764  0.565  0.316 


±   0.068     ±   0.074        ±   0.092 


w, 


w 


X 


+  0.052     +  0.042        +  0.029 


±  0.189    0.062 


0.046 


w. 


+  0.0019  +  0.0031  +  0.0046 


Figure  40  is  a  replot  of  Figure  36  where  all  the  uncorrected  data  for  ^ 
collector  No.  2  for  the  10  selected  participants  is  shown  along  with  the  maxi- 
mum error  band  defined  above.   Figure  41  is  a  similar  plot  but  for  only 
those  participants  which  reported  adhering  strictly  to  the  requirements 
of  ASHRAE  Standard  93-77.   Figures  42  and  43  are  corresponding  plots  after 
the  data  have  been  corrected  to  "reference"  conditions. 

Since  the  data  of  Figures  41  and  43  all  lie  within  the  this  error 
band,  one  might  conclude  that  the  scatter  was  due  entirely  to  allowable 
uncertainty  as  specified  in  references  [1,  2]  and  [4]  and  no  systematic 
error  existed  at  the  facilities  shown  in  Figures  41  and  43.   It  can  more 
logically  be  assumed  that  the  data  scatter  among  the  various  test  facilities 
taken  as  a  group  would  most  probably  follow  some  sort  of  randomness  and  be 


considerably  less  than  the  maximum  allowable  error  band.   Therefore,  a 
second  analysis  was  done. 

A  numerical  experiment  was  conducted  to  determine  the  "anticipated"  data 
scatter  from  10  hypothetical  test  facilities,  each  claiming  compliance 
with  ASHRAE  93-77.   Table  5  is  a  matrix  of  possible  errors  associated  with 
each  measurand.   The  probability  of  each  error  is  the  same  (this  is  conservative 
compared  to  a  normal  probability  distribution  about  the  mean).   A  UNIVAC  library 
program  was  used  to  generate  a  random  number  between  0  and  1.0.   This  number 
with  a  corresponding  error  selected  from  Table  5  for  each  measurand  at  the 
ten  hypothetical  facilities  was  then  used  to  select  the  appropriate  error. 
Hence,  60  random  numbers  between  0  and  1.0  were  required  to  generate  Table  6, 
which  is  a  tabulation  of  errors  assigned  with  each  measurement  at  each 
of  the  10  hypothetical  test  facilities.   The  collector  computer  model  described 
in  Appendix  C  was  used  to  obtain  an  efficiency  curve  for  collector  No.  2. 
This  curve  was  then  used  to  calculate  the  temperature  rise  across  the  collector 
for  a  given  collector  inlet  temperature  at  the  following  conditions: 

I    =  1000  W/m^  or  630  W/m^ 

A    =  1.79  m^ 

m    =  0.0358  kg/s 

t^    =  20°C 
a 


t^  .  =  20,  30,  40,  50,  ...°C 


Then  in  order  to  calculate  the  supposedly  measured  efficiencies  for  each 
collector  at  the  10  test  facilities,  the  following  relationships  were  used; 


I.  =  1000  +  Ai  or  630  +  Ai                     (28) 

A.   =  1.79  +  AA.  (29) 

m.      =  0.0358  +  Am  (30) 

t„.  =  20  +  At  (31) 

tf  i.  ^  =  tf  .   +  At  (32) 

^^j,k='tk+^^tj  (33) 

These  supposedly  measured  efficiencies  are  shown  in  Figures  44  and  45  for  an 
insolation  of  630  W/m  and  1000  W/m  ,  respectively.   As  expected,  the  scatter 
is  considerably  less  than  the  "maximum"  error  band  also  shown  in  the  Figures. 
By  comparing  Figures  43  and  45,  one  concludes  that  the  data  scatter  that 
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actually  occurred  (after  the  data  were  corrected  for  differences  in  operating 
and  environmental  conditions)  among  those  facilities  that  reportedly  adhered 
to  ASHRAE  Standard  93-77  was  much  larger  than  should  be  expected.   Also 
notice  that  the  combined  errors  in  the  numerical  experiment  only  shifted 
the  curve  up  or  down  without  changing  the  slope.   Therefore,  systematic 
facility  errors  undoubtedly  existed.   Unfortunately,  an  evaluation  of  the 
experimental  apparatuses  and  various  experimental  techniques  of  the  various 
participants  was  not  performed. 

Each  participant  was  provided  with  a  copy  of  the  test  procedure  which 
describes  the  accuracy,  precision  and  calibration  requirements  for  each 
measurement.   However,  meeting  these  requirements  does  not  preclude  the 
possibility  of  uncertainties  arising  from  sensor  installation,  data  acquisi- 
tion, or  data  reduction. 

Based  on  the  data  available,  it  is  only  possible  to  hypothesize  that  some 
combination  of  the  following  systematic  errors  caused  a  portion  of  the  data 
scatter: 


Systematic  Facility  Errors ; 

-  heat  transfer  between  the  test  apparatus  and  the  collector  (proximity 
of  heat  sources  to  the  collector) 

-  reduced  heat  losses  to  ambient  due  to  shielding  of  collector 
support  stand 

-  test  apparatus  not  at  steady  state  or  "quasi-steady-state"  condi- 
tions during  tests 

-  change  in  specific  heat  of  the  transfer  fluid 

-  inexperienced  technicians  conducting  the  tests. 

Systematic  Instrumentation  Errors : 

-  conduction  errors  in  thermocouple  installations 

-  pyranometer  calibration  error 

-  flow  meter  calibration  error 


8.   Implication  of  Collector  Performance  Uncertainty 
on  System  Performance 

The  significance  of  the  variation  in  the  reported  performance  for  a  parti- 
cular collector  can  be  illustrated  by  calculating  the  expected  system  performanct 
for  two  sample  solar  systems. 
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For  the  first  example,  the  performance  was  calculated  for  a  typical  com- 
bined solar  domestic  hot  water  and  space  heating  system.   A  residence  located 
in  Madison,  Wisconsin  with  a  design  heat  loss  of  21  kW  was  selected,   A  hot 
water  demand  of  0.32  m  per  day  combined  with  the  space  heating  load  re- 
sulted in  an  average  monthly  energy  requirement  for  the  year  of  about 
1.7  X  10  J.   The  solar  energy  system  assumed  consisted  of  80  m  of  col- 
lector No.  1.   Other  system  features  included  a  heat  exchanger  between  the 
collector  and  storage,  an  insulated  3.8  m  liquid  storage  tank,  a  domestic 
hot  water  heat  exchanger  and  preheat  storage  tank  with  suitable  pumps  and 
controls.   Auxiliary  energy  was  supplied  when  sufficient  energy  was  not 
available  from  thermal  storage. 

The  calculation  of  the  fraction  of  the  load  supplied  by  solar  energy  was 
performed  using  the  f-chart  method  [9].   The  collector  thermal  performance 
factors  used  for  F'CTa)^  and  F'tl^  are  listed  in  Table  4  for  the  mean,  "best" 
and  "worst"  values  as  reported  in  Section  5  of  this  report.   The  results 
show  a  deviation  of  +  10.3  and  -  11.8  percentage  points  in  yearly  solar  frac- 
tion from  the  mean  value  or  a  total  spread  of  22.1  percentage  points. 

A  second  sample  problem  was  completed  again  using  the  f-chart  technique. 
A  solar  domestic  hot  water  system  was  simulated  in  five  different  cities 
across  the  country.   For  this  calculation,  it  was  assumed  that  5.37  m  of 
collector  No.  2  without  a  heat  exchanger  were  used.   The  relationship  between 
F'  and  ¥^   was  taken  from  reference  [6].   The  collector  was  assumed  tilted  at 
an  angle  equal  to  the  latitude  and  the  system  used  a  0.45  m  storage  tank. 
The  system  supplied  hot  water  at  a  constant  temperature  of  60°C  with  a  con- 
stant inlet  temperature  which  varied  from  city  to  city  as  shown  in  Table  8 
and  9,   The  system  was  simulated  using  the  collector  performance  factors 
from  all  10  test  facilities  identified  in  Section  6  of  this  report.   Table  8 
shows  the  calculated  yearly  fraction  of  the  hot  water  load  supplied  by  solar 
energy  using  data  from  the  six  facilities  adhering  to  the  requirements  of 
ASHRAE  Standard  93-77.   The  maximum  spread  is  6.5  percentage  points  for 
Washington,  D.C.   Table  9  shows  the  results  using  data  from  test  facilities 
reporting  the  five  highest  and  the  five  lowest  performance.   Again  the  maximum 
spread  occurs  in  Washington,  D.C,  17.8  percentage  points. 


9,   Conclusions 


The  results  of  the  analysis  indicate  that  the  majority  of  the  reported 
differences  in  measured  collector  efficiency  in  the  round  robin  testing 
program  resulted  from  experimental  error  or  systematic  differences  from 
facility  to  facility  rather  than  from  differences  in  the  outdoor  test 
environments. 

The  preparation  and  mounting  of  the  collector  for  test  appeared  to  cause 
a  large  uncertainty  in  test  results  for  collector  No.  1. 

The  use  of  a  pyranometer  meeting  the  World  Meteorological  Organization 
Class  I  requirements  and  a  pyranometer  calibrated  for  use  at  test  tilt  angles 
was  found  to  be  of  major  importance. 


The  environment  can  have  a  significant  effect  on  the  measured  collector 
efficiency  even  when  conditions  prescribed  by  current  standards  are  met. 
Within  the  limitation  of  the  accuracy  of  flat-plate  collector  performance 
theory,  it  was  found  that  test  results  could  be  referenced  to  a  common 
environment  using  a  straightforward  analytical  procedure.   The  procedure 
significantly  reduced  the  differences  in  measured  efficiencies  reported  by 
the  various  participants. 

Efficiency  correlations  from  individual  participants  generally  showed 
small  scatter.   Larger  differences  were  observed,  however,  between  efficiencies 
measured  by  various  participants  at  approximately  the  same  conditions.   The 
second  series  of  tests  (on  collector  No.  2)  gave  more  consistent  results  than 
the  first. 

Tests  that  reportedly  met  the  more  restrictive  ASHRAE  93-77  requirements 
showed  much  more  consistency  among  participants.    It  was  not  apparent, 
however,  whether  the  improvement  resulted  from  the  additional  restrictions 
or  better  experimental  procedures  by  those  participants.   By  restricting 
efficiency  measurements  for  collector  No.  2  to  6  of  the  7  participants 
reportedly  meeting  ASHRAE  93-7  7  requirements,  highly  consistent  results 
were  observed. 

It  is  felt  that  outdoor  solar  collector  testing  will  continue  to  be  per- 
formed at  an  ever  increasing  rate.   The  technique  of  correcting  test  results 
to  "reference"  conditions  is  a  potentially  useful  aid  for  the  solar 
collector  industry.   The  technique  should  be  validated  and  then  packaged  into 
a  useful  tool  that  could  easily  be  utilized  within  the  industry.   In  addi- 
tion, procedures  need  to  be  adopted  to  ensure  facility-to-facility  agreement. 
Continuing  experiments  would  be  desirable  where  two  or  three  "independent" 
facilities  would  conduct  a  series  of  tests  and  insure  intercomparability. 
The  facilities  would  be  picked  so  that  extremes  in  environmental  conditions 
could  be  studied.   The  tests  might  include: 

-  interchanging  collectors 

-  determining  the  effect  of  environmental  conditions  on  data 

scatter  and  reproducibility  (wind,  sky  temperatures,  insola- 
tion level,  percent  diffuse,  ambient  temperature) 

-  intercomparison  of  pyranometers 

-  determining  the  spectral  distribution  of  the  radiation  for 

the  three  locations 

-  determining  when  steady  conditions  occur  for  thermal  testing. 
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Table  1. 
Characteristics 

Pertinent  Collector  Characteristics 
(from  the  manufacturer's  literature) 

Collector 
No.  1 

Collector 
No.  2 

i 

Manufacturer 

i 
1 

1  Gross  dimensions  (m) 

PPG  Industries 
1.93  X  0.86 

Chamberlain 
Mfg.  Co. 

2.14  X  0.92 

2 
Gross  area  (m  ) 

2 
Effective  aperture  area  (m  ) 

Weight  per  gross  area  (kg/m  ) 

j  Volumetric  capacity  per  gross  area 
(m^/m^) 

Pressure  drop  across  collector  (Pa) 
(at  operating  mass  flow  rate) 

iCover  plate  assembly 

Number  of  glass  plates 

Material 

Dimensions  (m) 

Solar  transmittance  (single  glass) 

Hemispherical  emittance 

Coefficient  of  expansion  (mm/mm/°C) 

Specific  heat  J/(kg»°C) 

sAbsorber  Plate 


1.74 
1.60 
31.8 

0.72  X  10 

0.83 


-3 


Herculite  glass 
1.90  X  0.84 
0.85 
0.84 
Unknown 
857.7 


Unknown 


1.6 


1 

Four co-Clear temp 
2.08  X  0.86 
0.90 
0.88 

2.78  X  10' 
Unknown 


^-6 


Material 

Dimensions 

Flow  configuration 

Coating 

Solar  absorptance 
Hemispherical  emittance 


Aluminum 

Mild  steel 

1.90  X  0.84 

2.09  X  0.86 

13  parallel  pass 

19  parallel  pass 

Durachron  600 

Black  chrome 

L/G  flat  black 

0.94 

0.94 

0.92 

0.12 

jAir  space(s) 

Between  covers  (mm) 

Between  cover  and  absorber  (mm) 

Insulation 

Material 

•3 

Density  (kg/m  ) 

Thickness  (mm) 

Thermal  conductivity  (W/m'^'K) 


9.53 
12.7 


Glass-fiber 

48.1 

76.2 

0.035 


19.0 


Glass-fiber 

^80 

76.2 

Unknown 
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Table  4.   Summary  of  Ordinate-Intercepts ,  Slopes,  and  Mean  Squares  Values 
for  Efficiency  Correlations 

Efficiency  No.  of  Linear  Curve Second-Order 

Set  Values   Intercept  (-)Slope*  Mean  Sq.  Intercept  Mean  Sq, 


No. 

1  Uncorrected 

192 

0.705 

5.61 

30.5 

0.731 

27.9 

• 

Corrected 

192 

0.728 

5.98 

20.6 

0.733 

20.6 

Theoretical 

192 

0.692 

5.71 

2.46 

0.696 

2.4 

Uncorrected 

ASHRAE 

80 

0.707 

6.30 

23.2 

0.722 

23.2 

Corrected  ASHRAE     80      0.726      6.51      16.8      0.728     17.0 


Theoretical  ASHRAE   80      0.691      5.72      1.5      0.693      1.5 


No.  2  Uncorrected         160      0.813      4.82     18.0      0.798     17.5 


Corrected 

160 

0.816 

5.11 

13.8 

0.806 

13.5 

Theoretical 

160 

0.814 

4.98 

4.0 

0.802 

3.7 

Uncorrected  ASHRAE 

112 

0.820 

4.77 

8.8 

0.807 

8.5 

Corrected  ASHRAE 

112 

0.824 

5.08 

7.5 

0.811 

7.1 

Theoretical  ASHRAE 

112 

0.814 

4.99 

3.8 

0.806 

3.7 

Uncorrected  ASHRAE 

96 

0.826 

4.77 

5.6 

0.807 

4.6 

Corrected  ASHRAE 

96 

0.829 

5.09 

4.8 

0.812 

4.0 

Theoretical  ASHRAl' 

96 

0.814 

4.98 

4.0 

0.805 

3.7 

*  W/(m2  .  'C) 
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Appendix  A 
List  of  Round  Robin  Participants 


Collector 

#1   #2 


Collector 

#1   #2 


Organization 


Organization 


M^rthur  D.  Little,  Inc., 
Cambridge,  Massachusetts 
,W.  David  Lee 

Arizona  State  University 
Tempe,  Arizona 
B.D.  Wood 

Chamberlain  Manufacturing  Co. 
Waterloo,  Iowa 
i|  J.D.  Morris 

Desert  Sunshine  Exposure 
Tests,  Inc. 
S  Phoenix,  Arizona 
G.  Zerlaut 

!  Honeywell,  Inc. 

;  Minneapolis,  Minnesota 

j  J.D.  Kopecki 


Lennox  Industries,  Inc. 
Marshalltown,  Iowa 
David  C.  Lee 

Lockheed  Palo  Alto 

Research  Lab 
Palo  Alto,  California 
K.L.  Marshall 

Martin  Marietta  Corporation 
Denver,  Colorado 
J.  Kidd 

New  Mexico  State  University 
Las  Cruces,  New  Mexico 
H.L.  Connell 


X   X      PPG  Industries  X 

Pittsburgh,  Pennsylvania 
M.  Barker 

X   X      University  of  Dayton       X   X 
Dayton,  Ohio 
H.E.  Smith 

X         University  of  Florida      X   X 
Gainsville,  Florida 
E.A.  Farber 

X   X      University  of  Tennessee    X   X 
at  Chattanooga 
Chattanooga,  Tennessee 
L.  Russell 

X   X      University  of  Texas        X   X 
at  Arlington 
Arlington,  Texas 
T.J.  Lawley 

X   X      University  of  Utah         X   X 
Salt  Lake  City,  Utah 
R.E.  Boehm 

X   X      University  of  Tulsa        X   X 
Tulsa,  Oklahoma 
B.V.  Ketchum 


X   X      University  of  Miami 

Coral  Gables,  Florida 
L.E.  Poteat 

X   X      University  of  Califor- 
nia at  Los  Angeles 
Los  Angeles,  California 
H.  Buchberg 
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Appendix  A  (cont.) 


Collector 

#1   #2 


Organization 


Virginia  Polytechnic  X   X 

Institute  and  State  Univer- 
sity 
Blacksburg,  Virginia 
W.C.  Thomas 

Civil  Engineering  X 

Laboratory/NCBC 
Port  Hueneme,  California 

E.  Durlac 

National  Aeronautics  X 

and  Space  Administra- 
tion 

Lewis  Research  Center 

Cleveland,  Ohio 

F .  Simon 

University  of  California       X   X 
Los  Alamos  Scientific 

Laboratory 
Los  Alamos,  New  Mexico 
S.W.  Moore 

National  Bureau  of  Standards   X   X 
Washington,  D.C. 
J.  Jenkins 
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Appendix  B 

Data  Used  in  Analyzing  the  Effect 
of  Environmental  Conditions 


Data,  measured  results,  and  the  theoretical  analysis  for  each  test  facil- 
ity are  given  in  the  following  tabulations.   "XPARM"  is  the  abscissa  of  the 
collector  efficiency  curve  as  reported  in  terms  of  mean  fluid  temperature. 
The  theoretically  determined  parameters  are  shown  below  the  measured  values. 
"FARM"  entrees  are  the  corresponding  abscissa  values  of  the  collector 
efficiency  curve  in  terms  of  the  inlet  fluid  temperature. 


81 


OiJ    oooooooooooooooo 
<     inuMnirnnifMrMntninifMrMLnurMntn 

KLU      OOOOOOOOOOOOOOOO 


>-        costor^rv40ooin«d*crv0'-'aofn*oc^ 

U-$*     r\jro>t(^<7i0  0^cooocooocra0r-tocr 

UJ 


o 

a 
a 


< 


< 


CO 

UJ 


a: 
O 

o 


3E  --4  0<^<Nv0^rOOOror^r-Of*-CO"-^h- 

5:v.  foc^J(\|«<^oo-^f~^coco^-oo^a•-4sOsO 
ce:o  i-^-^f-i— ^fomrOfnlnLnlnlP.^«-^-^»^- 
<  I  oooooooooooooooo 
CLs:   ••• ••• 

xcf  oooooooooooooooo 
</) 

-js:      t» 

OC?  rvjoo-Hrr(\iro>4"Crroo»oor«^a»^0'-^ 

in<y)  >oh"Oomfnocc;!/M/M-r\LnLri.-4  0>^(M 

2:»v  aNCT'0>o^ooo^o>a>c>o>c^ooo>cr' 

u_  in(Nj-<inso»^m'^cMr-vooosi-coocr> 

u.^      ••••■•••• 

•"fS^"  — tOO^CMn-4-vOh-<l-rO(^<Nr»-f^'7^=0 

Ooo  >^f»-ooo-^r>('sj'inroir>oooo-^>tr~ 

<-»5:  cji-i— 4  <\jyo  in  in  LA  •d-'>i"pn«^fM  <-•>-<'-• 

3— 


H<^  c^o^c^o^c^c^c^v^c^c^c^cy«c^c^oc^ 

oc>  oooooooooooooooo 

s;^  •••••••••••••••• 

—  oooooooooooooooo 

2:  NOomr>*c\jrOfornc>coo*0^'HONini-i 

CO  ONl'NO<M'--'oc>0^—<'<|*'-<r^OCMrO»-^— t 

<o  ooa^o^ooocQoocMnurMnin'-<fNjro«t 

•■— •  i—tr- I'HrsJ                              I    ti    ^  r-l  — 1 1— I -H -^  r-> 

LU— .  OOOOOOOOOOOOOOOO 

ao  •••••••••••••••• 

oai  muMrMnuM/MnininininLninininm 

<I-^  (\J<OCOs^sOlAO^"m'^^f\lO{\)'^^ 

i-'O       •••••• 

ujuj  03^-4h-p<-fnr^oo<T>o>^oooOf-* 


o  00  .-H  o  rvj  <t  00  »f  <-•  ir\  sO  1^  o  o  "^  (T> 

5:^  cop-a30f>-r-t*-cosOsOini^'HO<^-4' 

oiQ.  ooO'H(\jrMr\ifMmLnintnh-r>-r^r^ 

<X  OOOOOOOOOOOOOOOO 

O-U"  •••••••••••••••• 

w  OOOOOOOOOOOOOOOO 

0-*  fM(\ih.sO(Ma>a*^-oir*^sOh-co'-<co 

c-iq:  •••••••••■•••••• 

ii»o  (^r»r-r»-inin(r\innmfnfOrM<N<Nc\j 

O*—  (\jcor-vOfvi'-4aOvi5  0^h-<MrgmC^O>0 

I— iQ  •••••••••••••••t 

u.t—  ininvn-^inm^'^'r-h-oocooooooin 

U.O0  >OvOsOvOiALnirMnrororof*>rsi<MfMcv4 

UJ"— 

> 

O—  (r^oc^f^o^Jf^Jco^o^r)'HOO^--^ -t^too 

I--UJ       •••••• •••• 

u_x  •«rLn•^r^llr^Af^<^^t^•^-f^^-c^'-^co^- 

uu— 

>- 

0-.  m^o^-(Mocol^^>tc^^o^oo^o^oc^ 

U.X  rvjm>^fOooc^ooooooooo*cO'-^oo* 

u_uj  ^-^-^-^-.ln^Ou^lnnf0^o^O(^JmfO^^| 

'^'-*— tO-^iHr-l^OOOOOf-^OO 

Qj  O  0^  Q*>  (>  O  (7>  O  CT*  O  O  C7^  0^  0^  O^  C?*  0^ 

u.  •••••••■•  •'•  •  •  •  •  • 

OOOOOOOOOOOOOOOO 

s  N.<7>o^t-«f\ji-<<M<vjr-r*-in«0(Njf*>oo<v 

_j-»  (XjvOOO^O^O^iT^ojCMfvlfMrO-^-^nj 

Z30   ••• • 

I  muMr\vomuMnir>NO>o«J3sOO>o>0"0 
5: 
a 
00 

>v  cofMmro<^u^t^J^oooo^c^^-<y'O^M 

3:3  •••••••••••••••• 

X»i*  st(N'NrOOOm>0>0(SJ(NOOsOO^'-«(N 


>         »^-^ro<Mooaot»*<^vOO'Na»inO<X)v^ 

too    <-iforo>^<\i— <^^i-«c\jro<N'Hoo«om-^ 
h— •  ^^^^ I  I   I  I  I  I  I  I 

I  I  I  I 


o 
o 


3       r-ipg(n^invo^*ooo^o.-i<Njfn«tir>vo 


•  CsJ  rO  >!•  if>  sO  I*- 00  CT^  O  i-i  (M  PO  «if  lf»  o 


82 


^{^  oooooocooooooooo 

<  OOOOOOOOOOOOOQOO 

T.a:  ••••••••■•*••••• 

H-U,  OOOOOOQOOOOOOOOO 
UJ 


o«   •• 

u,g*  .-jO(<nrs|f\irofnn(M«d-vOOtnf\j<^r- 

UJ 


o 

D. 


uu 


o 

<I 


00 


o 

LU 


S 

<  I 

0.5: 
xc 


000000 ooooQooo 00 

OOOOOOOOOOOOOQOO 


00   Or^(7^-HrC(\!CTi,tvOCOOO^a'-OOrv 


u.         corocNicMiTir-roiniXMrv— *ooO(Mir\o 


2>s         •    •    • 

*-<T     0'HO^i-).-<mfnrvirO'4"mcvffVf\jro 

3C  — 


»— </)  (7^  o<7^  (7*0^  CM7^  0^00  CO  0^00  f*-r*--r*r«- 

OC5  0000000000000000 

:rvi:      • •... 

w  0000000000000000 

2:  Lnoo-sronr-isjTnOLO<x)ur\o>r-H(7> 

••O  N-O^TOh-aD'^r-h-OOCOCOCO^—ifMO 

ix>  c^ln!^NOfMOco<t•'-•(^JC^onor^Jo 

3:—      • •.•••« 

<c_)  rc^irMnromrnvt^rgrON^'OOr-io 

I— 

tu—  0000000000000000 

Q.O  •••••■•••••••••• 

<— .  r-^o^Of^roi^o<\j^OinOroh-in 

H-O        ••• ••....• 

ijjUJ  rg<>C^»-Jog-H.H(\J>jTsjrOLnrrifMojoo 

XQ  rg^— KMojfMCNjtMCNitNfvjrgrvjrgcvjfNj 


r<^,-i(\i>^rnirivO'^<^<fOOror-ir^c\i 

s:-^  ^^lf^fn(M^OlJOl•4•<^«^JOTOfnoooa3^n 

<rx  0000000000000000 

CLlLi  ••••••!••••••••• 

—  0000000000000000 

^_>*^  rHON<)-4"^OOsOvOC>OCO(\jr-rn'-' 

U)— ' 

>• 

0«—  fOfX7>rrir»-0>Jh-C^r'MjOO(yiN->t'COOO 

•-^o      • •••••••.•. 

u_K-  tNjpHCN4r)'>noNOsoo-^rno^«^fno^o 

LUw 

u— »  Oso<t-r^OOrH><i-(\jiryf<^rgLninoo 

>-^UJ  •••••••••••t**** 

u-X  00— t-HsfiryLrNino^OOvOf^fsicou^ 
UJ— • 


U-X 

a.uu 


r*.  sO  "H  CO  <r  <Mry  f-i  <t  CT^  rn  1-t  o  r- MD  m 
•  •■••••••••#•••• 

r-H  o  m  <M  rvj  ro  rn  m  f\i  s^  •»o  o  in  fM  CM^ 

«0  sO  ^0  O  UTMA  unin  n  rn  m  ro  (M  oj  <M  cNj 


00  00  00  00  00  00^  o>o  00 

IX.  •••••#•••••••■•• 

0000000000000000 

s  f*--oi^OsOcoir\sOO(Nr*~^fMO^sOcr 

_j^  coooooa><x)coc^a>c\jrnro»t!^<MfOro 

ZDO        • • 

I  uM/M/MmnininLAvO^NOvOONO^^o 

a 
«/) 

:3;je      ••t******* 

X—  a><T>a>r-io^f^ooroo>o<oir\rn»4-co 

>  f>-.c7»f>-.f^h»r-)cooinOLnvoo<7^vOc^ 

i«:—      • 

000  ^tfocMfMUMr\%t>*'inr*a^o<MroLr>ro 

I I   I   I   I   I   I   I   I 


O  2  Z 

u       3       i-^fMfn>tir\NOr>-o3(7>o-^tMro«i'tn>o  3 


-<  f\j  m  «^  ir^  >o  f*>  CO  0*"  o -^  (M  m  >*•  ir»  ■o 


83 


oooooooooooooooo 
oooooooooooooooo 

oooooooooooooooo 


>  o^o^Ooo^o(y'lf^oolf^ol^»0^^t'^oo 

o—  •••• • 

U.W  .-iQvpgoO'00*^-P*-OfOro^cof«-oooo 

UJ 


s:*"^  ooror<-r-r^inir\fOf-^r-icMin>t»*'^ 
oooooooooooooooo 


ecu 
<  I 

Q-s:      •• ...•.». 

xo    oooooooooooooooo 


o 


uu 

>- 


< 

u. 


00 

UJ 


o 

»- 
u 

UJ 


o 
u 


U) 


-jz: 


CO    oorsj>Ofninur>friOfn>*'PnmooifMnrri 
0000     (\joor»-fVvO>^cn— *«^<o-oro^uMnro 

^3 


u.  •^■r-ta'ir\(^r-oornQoooo^>OrHr-o> 

a.^  •••••••••••••••• 

1^^  pi^,.^O-^OOO<\l-^t^f^JM<T>C7^C0C0 

Qoo  c\i>oirtOf*^mnroO'OvO>orsicNj«OvO 

ZV,        •••••t«« 

-*  otO-HOOfOOOOf-COOOOO^'H-iHF-t 

h-t/)  <Mrni-i,-(0^o(y>o>^>^<*"if\oooo 

ocD  oooooooooooooooo 

Si(£        "tt. 

^  oooooooooooooooo 

2:  ^rooCT^«4"OOif\mrosO>4"h-rsi>tr^o 

•-^«^  ••••••••••••••■• 

••O  v000O»-*<5O^J^0l^u^^0«0^^*■>J'l^ 

CO  fomsoor-oo^woooo-ON-sO-th-fOvO 

s-^      ••••• 

<o  minLnm^tf*--<fsiN.coa*Ovt»tuf^w> 

K 

LU— .  OOOOOOOOOOOOOOOO 

CL<Ji  •••••••••t«**«t« 

OUJ  OOOOOOOOOOOOOOOO 

-JO  rOr«^fOrnmmrnfnmfnrnrr)(«oromro 

OOw 

<^  oooooir>oooooooooo 

h-O   •••••••••• 

uuuj  >tmfoaoQOoooorriOMr»in(7>>00o>f 


ge: 


1-4  ,H  *^  >^  (-4  iH  iH 


M  vh  O  •-I  Lf\  c\i  ro  to  O  f-<  <7*  O -5  O  f^  v^ 
S— «  h-h-O-tf-rnm-H— i-HO^coOromfMNj- 
<X  OOOOOOOOOOOOOOOO 

auj  •••••••••••••••• 

—  OOOOOOOOOOOOOOOO 

>- 

o*-  r*-oom>trgao«M.-itfM^ir\Ln!Mr*in»-4 

•—a:  •..•• 

llO  '^o^OsioDr-cT'cocoOrOfn'^tMO^fvi 

UJ— ' 

>- 

o^»  Lnrnoo>th-a»a»ooc^O(\jiniriO^'-to 

»-iO  ••t. 

LU— . 

hmUJ  ••••••!••••••••• 

ulX  coc^r^>S■<M(^^!r)rOlf^^O>Olr^'^^o-o(^J 

UJW 

> 

o«^  OvO'-^oa3»oa*u^^'^">oirioN»*--^oo 

»-iCL  •••••••••• 

U.X  -^a>Ma3Noa'f»-f*-ororn-Ha3r^ocia3 

UJ— > 

^  fsj  <N  fNi  (Njrsj  (NJ  fSI  r\j  fM  <%!  f\J  "-*  ^  — < -^ 

u.  •••• •••«.•• 

oooooooooooooooo 

5  Oroi^r»-ro(MOfNj>tLn>or^vONOcoo 

_j,«^  .-(.-t'H»-Hi7>o-Hi-irorOf*^r<^oocoTDCo 

I3U  ••• •• 

o 

00 

:S3:  t.»... 

X-»  ro>^cOsOO^C»O^C>OO^a^(T>mro-^N}' 

s  romfnforsi(\jiN?M-4^H-^— «mfOrOP^ 

^—  .,..,..•. 

ooo  (NKNjfMrslfOO-O^O'^fO^OO-^'^ 

►—'  I       I       I       I       I  -,^-4-4 

3  i-4CMP0>tir»>0^-00^O-Hr>jrn,t"^^ 


84 


ou 

< 
xa: 

ai 


oooooooooooooooo 
oooooooooooooooo 

•  •••••!••••••••• 

OOOOOOOOOOOOOOOO 


fH  r- >o  r-- in  m  ^4- vO  tri  «t  0^  o  h»  00  h- 00 

r*- r»- r- 00  «o  r^csi  rsj  CO  r>- cr  ,H  00 -o  CO  so 
vO  >0  ^t  ^i"  f<^  CO  CM  c\j  ro  f<^  «*•  m  nO  ^  «o  o 


o 

a 
a 


> 


< 


oO 


a: 
o 

o 

(ij 


3:  ro(\jvO(\ior^inr-ofNi<-^>ta^>-4a>'-( 

2:>..  irMr\'^><-oo'Or^ooronr^Qor*oc 

cx:u  Oorriroir\ir>^£)NOi/Mnmrooooo 

< I  oooooooooooooooo 

o-s:  ••••••••#•#•..•• 

xof  oooooooooooooooo 

oo  fnrsjCT<CMri(MfH<7>vOco<^r-4  0o»toO">*' 

«/>(/)  >H<^Jf^)^^>S'»t^^^OfO^OfMf^oor*-oo^» 

ST'v  ooooooooooooocroo^ 

U.  Oir>h-c\ii-«pHO^O<N'4'fOsOi-tlf\i-nry 

u.««   •••••••<••  • 

*-*b9  ^-lo'>c^c^a^ooc^oo>-l.-^^*'lr^'^ur^ 

Q(/)  ^OM^COlAO^>t'-<f^U^otur»000000 

ZN»  •••••• 

t--*5:  fOsf^f  Lf^4■om^or^J>*•ln^4■lr\^*■u^^i• 


l-oo  oooooc^c^c^oooooooo 

QO  oooooooooooooooo 

SliiJ       ••• 

»-  oooooooooooooooo 

2  -^J-orooo-Hvo^ij^ooroooa^oo 

►o  xcoi-i--HOocoo>oor-<r»jLnsf'to>^ 

i--^»  rs)(M-OsOcocoOOOOoo>0^<^rorOf<^ 

03  pnh->*'oo<-Hoorgirs^h-rHiriNt(M<4-<N 
s:-^      t«». 

<0  ^-^-aDrooc^OOOOr-^'-Jr-lr-^  »-<.-< 

I— 

LU— .  OOOOOOOOOOOOOOOO 

QaCS  •••••  ••••••••••• 

Olu  oo-tLnrnsO-tvOaomooocNjrsj'^TsJ^^' 

<-~  OOrj0v0f\JOf\jNt(N<T'(M-«0<-<^'X3r<>00 

h-O  statt**** • 

xo 
I-.— 


-^  <7>  h- rO  00  fO -J  ^  »0  O*  On  <M  ^.0  00  ^  CO 

5:«  i-<0'^'-'r-ooLr>vOQOh-aNOro<^ropo 

eta  ooronsfsf  soo-^-^trNjrooooo 

<x  oooooooooooooooo 

Q.UJ  ••!••••••••••••• 

^  oooooooooooooooo 

>- 

u-»  focomoc>r-mr-iff>aNOOM>t«-^'^ 

►"•OC  •••••••■•••••t«« 

Luo  r«-f^co<>h"MOLn'>tQ^oOfHfMa^h"a^h- 

LU— . 

>- 

o—  m>jor*-o<\joofMin^.»-4r*-inoo<iog> 

)~«Q  *•••••••■••••••« 

u-H-  <rONfM{NjmcMf\)'H(S4mfrirocor»ooh- 

u.<>o  vOOur\LnNt^^rOPO>t'*'crnn«o«OsOO 

>- 

O**  rOlf\OOco>tpOOO>'AsOljr»sO«*"0>t 

»-4LU  •••••••••••••••• 

ULX  (T>a^(\|f\|r>4rO(T>OrHr-4CVJfNJh-|»-.r>-r- 

>- 

o— «  »^r»-sOf>-ir\fnst'«oir»-ifo^or«»oor-a} 

•-«a      ••• ••• 

u-x  ^-^-^-oo^^-(^Jf^loo^*c^'-^co^ooo^o 

U-UJ  vOvO>*'-*'^r^(NitM<^ro>*"tr*sOvOvO»o 

rv!  f\J  c\l  fvj  !-•  fM  rH  r-i  f\j  (\J  (N  (\J  fs)  f\j  rs)  rsj 

cy  cro^(7>^0(^oo^o^c^o<7^(7'aNC>C7* 

oooooooooooooooo 

s  oor^h-mcovOr-icMaoo^tr-i^-aof^oo 

J**  r-(.-iro»tinrgoh->tiry^Nd-<M(Nl(Mrs| 

"DO   •••••••••• 

N^  mfrioor«-oOf-^(Njinooof\joor*o^r«»o 

:SX  i«***t*«**«««ta« 

Xw  r*"v^fMr>-fsjo^or*»^0(MsO(\jr^oh-o 

>-  m<7NcnLn>*'CMr\ON-^!Noo,t<Ma^rMo 

i«;—  ••••••••«•«•••.• 

</>o  >j"stu^ocof»-ooooc^cr'ONooo>OCT* 


O 
O 


3        i-tfvjr>4'in>oNcoo'NO'-<tNfo>tuf>so 


3 


-^  fvj  ro  "^^  in  nO  r*- 00  (T>  o -^  fsj  m  •«*■  trt  o 

ip.i4  i-H  fH  iH  v"*  «-4  (H 


85 


<  iAuMnLfMnLfMnir\UMnirMritnvrMr\in 

xa:      ...•• 

h-U.  oooooooooooooooo 

UJ 


o-^   • •••• 


o 


O 

< 


3:  -Hr^^vJo^c^rOln^^^c^C^^^-oco^r^ 

:^*«v  <— ti— l.-^c^JC^'— l^o^t^o^^>^^f^»0^'^^oo 

< I  oooooooooooooooo 

ols:   • 

xo  oooooooooooooooo 

%^ 

_is: 

i/></i  ccoc\(cofs|f^JQO^ocoO>'X)C,-^^J■<^l-H 

z^  ooo<?'OocM>o^cr>a^ooooo 

u-  r-ofMOOoocoh-«o^fsj>ornpsju^ 

u ••«.. 

O—  t-Hi-*i-tr-4iH'-«r-<.-l-^rvJCNJrsJiHi-<r-l»H 

Qi<o  r-l'Hln^-ooooo^^<7>c^CT^lf^fna^ 

^-•■^  rOfft»tcsi>}'>t-t'>^>tir>>t'>too--o 

-*  fMro>tof^r«-r«-^-0'H<\jrvj>tsMfMr> 

QO  oooooooooooooooo 

^•^      •• 

—  oooooooooooooooo 

s:*^      • 

•<io  oooo.^ir»>o>OOOOOoco>o>>ooo 

Lu*-  oooooooooooooooo 

CLO  ................ 

OUJ  ,~<P-tr-<l-lp-(^-^rHr-(^rH,H-^-t  <-<.-< 

00  — 


>CO<ON*'ir!<7^{NJst'>tO— tO^C^O^NO 

s:— >  Lf\sOii^h-ir\sOO^OO-HrsjOrri>^miri 

0:0.  .-ir-irHi-4rNjfNjrsjro<^ir\irn/\vO>OvOO 

<X  OOOOOOOOOOOOOOOO 
Cluj   ................ 

w  OOOOOOOOOOOOOOOO 

tj«-»  (Mvo>d"'-*>t>0(7^r*-r*-Qoino^coa"ro 
>-*Qc:   ..•.■..••...•... 

LUO  -^f\jM'HOO00=0CMri>t»tf>JfVJ'-iO 

UJw 

>• 

u—  o«^^o^fNj>t-Hv}'Lnr-iir\{\joCT*(MO^ 

^O   .........t...... 

u_H  -<— t.HOsOLO>*'m-H-HO»-4rorgrsi'-i 

o—  '-400'H<a<r>o<7*«i'r>orsj(Njoo(N(ro 

ULX  oococor*«-rM.-<ocnoor*r^N.m<^M<M 

>■ 

0-*  r-fvjoosOOt-tLr\<N»orooo«t'r-(T>oo 

U.X  ^»o*oo^-^"r*u^Ln^o^J^ofMro•^o 
CO  00  r»- 03  00  GO  00  00  CO  CO  CO  00  CO  00  00  00 

C£  00  CO  00  CO  00  00  00  00  CO  CO  CX5  00  CO  00  03  CO 

u,  .•.••••...•...•• 

oooooooooooooooo 

c  miocgooh-ooooNrn-Hrn^OvOCT* 

-J«  00— tOfsmromro«4''>t»t^'HfM'-» 

a 

•o*  mLOooocT>o^o^<y'rofMfOpn'H>0'Oi^ 

JE3E         • •..••• 

X—  r«-f>«.(MNOoooo^>o>4'^c^r-oc» 

S  »Hr-4PSl— »rg(NJCNJ(N<NJ(MC\JC\J  r-< 


o 

O 
111 


<— .  ooor«-oov0ir»-4'v0v0i^— 'oor^fN*^ 

(—0  ..•...*.•..••.•■ 

ujuj  -<ijfMr*sornco«*QOLr»coin>to^LP»r*«r» 

XO  t— •               i-l               r^rHiH                                            ,H 


>.         (N'^OfOCMr>Of^(M>0^(\i^9a'mr\i 


o 
o 


z 
a: 


•H  <M  ro -4"  in  <0  f*"  00  O*  O  f-i  CNJ  PO  >t  in  »0 


z 

D 


-<  OJ  rfi  Nt  lf»  «0  r- 00  <7*  O -H  (M  fO '^  m  ^0 


86 


ou  oooooooooooooooo 

<  ifMrMfMrMrnriiniriininirMjnuMTiinm 

XiX  •••••••••••••••• 

t~LL  oooooooooooooooo 


o 
a. 
a. 


"-5 

9* 

>■ 


< 

u. 


to 

LU 


o 
u 

UJ 


o 
o 


3:  c^o^-'-J^nrvJr^of<^f-JC^Jln^0)Oc^c^ 

< I  oooooooooooooooo 

cl5-         •• 

"xcs  oooooooooooooooo 

_J5:      • 

c^  h-^<\j.-4vOir»'s?ooomvOO(*Mr'.(\j>-i 

l/)00  OrvjrvJrHrHCN-Hi-lr-lfO,  mi-tOfNJfMO 

:?"N.  OOOOOOOOOOOOOOOO 

—•3:  ^^,-4rH,H-4,-4^,-^-H,Hr-*r-^-HrHrH 

U.'-*  •••••••••••••••• 

>-hW  lOLn'-Or^— irn>l'f*-^rHOOLn-4'LfMri 

z>^  ••.•••.••••..... 

3:«- 


OO  OOOOOOOOOOOOOOOO 

s:::^   • 

w  OOOOOOOOOOOOOOOO 

►o  or\)rM(Mrsi'sj(Nc\!rororo(^tnLnu>ii^ 

►— «-  u'^trsinu'M^r«-r*-r--cocoix)Xcro>'7>^ 

CD  csi«^-0'^O<T>-4"^-OiArsiO^0rsj(M--( 

:r^       •«•«•• 

<rO  Or-^rHmCOOOr-OOr-^CNjO-^—irM 

••.^  tNlr\J(\lfNJ.-4t-(f\|'^(NjrvJ(MrMfMtMfMfM 

0.0      %•••• •• 

<*-.  OOOOOOOOOOOOOOOO 

HO  ••.....•....••.. 

XQ  <— <                l-»t— t                »-4i— I                r—ti— <                f-t 


--^  rsi  rT)  ,4- in  o  r«- oo  0^  O  f-t  N  ro  ^^  in -o 


X"—  ooc^co<^J'HOfr^rO"-»01-l^c^i<^Jf^J 

<x  000000<^OOOCOOCOO 

—  OOOOOOOOOOOOOOOO 

> 

l~4C^  •••••••••••I**** 

llo  r^f^oocoo— imotn-oh-r^r*o^co 

U.I  — 

> 

O—  sOo^-ir\^OrnsOi^t^rOt^'HiO<fO 

— lO       •••••.• •• 

0,1—  romr^'4'oo.-iorost'^vror-r-r^ 

LU—' 

>• 

o—  oir^fNiin^sOsor^-r-'Hco-Hh-oo^Ln 

•-<UJ  •••••••••••••••• 

LUX  'N(Nj(\itNjooor*-'>nmLni.nmr*-vO'-o 

UUH-  irNininLnsj-^t  >trnrnic<^mmfsj(Mr\irg 

>- 

t— iQ.  •••••••••••••••• 

u-x  so^JD^"■oo.-<rsJcoiJr^^^^-^-vOC^o^- 

u_uu  lnLf^lf^lf^>t•<^■^f*^^Ofn^n^^<^|fMrnt^J 

OO  OO  OO  O  !?>  OO  OO  C^CT>  O  ON 

u,         «•••••••• • 

OOOOOOOOOOOOOOOO 

s  o^^!o^^«-■<^soc^^-^~<)•fsl'-nc^c^c^'> 

_J—  OOOr-^-^f-('-^n(Mc^J(^4rs|^^,u'^L^u^ 

35t,)  •••••••••••••••• 

a 

X— '  a>cffNj-4DOO'-^coo(?»oo>'si'-^^<f" 

i^—   •• 

</)0  «<^^Jp|^000.Hr0.tO^<^>4•U^^0■>tl^l^s0 

3)  r-t.'\iro^inNor*oooo-^f\jro.4'ir\>o 


87 


CDO  oooooooooooooooo 

<  iniriLniriinu^irMfMriir.tnLninLnLnirv 

T.aL      ••• •••••••• 

i-u-  oooooooooooooooo 


>-        >of^J>3•oo^-<7■voo^nooco(^c^a^ 

u-ex     cMforocM— <ocoirir-sO<MCrsOrsj-^(M 
u.—     (Nin  >*•  Nt  rn  >;f  ir>  N^     cNjroinvOvOr-ifvj 


o 

a 

CL 


< 


00 


c 

O 

UJ 


O 
o 


<  I 

00 


ir>[\jr»-.-ir<^.-iino^^->^Oroir\inrno 

C7^ecOh-cx)r»'vj">0(\jo^oo>^r<^rf^(Mo 

OoCOOOOOr-tOOOOO'-f'-H 

oooooooooooooooo 


_):5-  ••• ••..•• 

oo  i-tf^— (Ocrf^f«-rc>HCMnijr\or^o<o 

oOvO  u^rg— (Op-tc\j(\icom0co!^(-n0^oco 

—3: 


uL  oooooooooooooooo 

o</)  cr>i-r*'^f\ia3f«-r^cooorgr~'-jr\jfsi 

I— S:  ■<J"m<M<NlCM-^rvJ(\!i-4>J->t<M(MfTNIfM 

3:  — 

[—00  (\lrM'NjrvJ(\jr\J(\jrv)f\iM(MC\J(\J(NJC\J<N 

oo  oooooooooooooooo 

T^         •• •• 

—  oooooooooooooooo 

►o  t\lc^c^^ococo  vO^*■0^0^-oooroco 

CD  m^30^-<frO(N|\0>t<ffOvOOC>C\!>f 

<'-_)  a3o<M— "J^  00^-0(7*0^  COO  in  00  eg  (7» 

•■—  I     I     I     I     I     I     I   '-•   I     I     I                   -HI 

I-  I                  I 

LLi—  oooooooooooooooo 

0.0  ••••••!••••••••• 

aUJ  00  00  03  CO  CD  CO  CO  CO  CO  CD  00  CO  CO  CO  no  03 
00  — 

<-*  r^'Hf*--;*' oo-^'O'Tiin— tiTi— *m-^C7*o 

\~-^ • 

ujuL)  CO— <o^ooo»(^|coc^vOO^-l^^oo^t 

IQ  (N(Ni(\JmrO'-<<Ni-HfO'-HrnrsjrHrom'-^ 

•z. 

0^  ^^,H^-4>H-^ 


:£-*  mc^»^ooOQO— (>ovOrMpriooo^rsico 

Qio.  c^r*■^o^oooo•4■vOCM0^oomf*>m(^JO^ 

<X  OOOOOOOOrHOOOOO-HO 

O-UJ  •#•••••#••••••§• 

—  OOOOOOOOOOOOOOOO 

>- 

o— «  c\io^'7>(MOr-<iM— (Qoc7*>t(\iror^rooo 

)-<cc       •••••• ••••• 

u-o  ocoo<7'»or»com>t>(Na^a*^»<*'0>o 

> 

o—  •4TO«^a^r*o^fMinvOv^ixMr\-HO>tvO 

UJ—  I                            I 

u-»  coina'vOh-inooa'r*a«fM^fsia»*o 

•-■UJ  •••••■•••••••••• 

LUX  O.t«^tNs0r<^00v*'O>0fviC0(NJ.^i-'Nj- 

i-ij— 

0-*  ^0(M^^OO^-C7^^0  0*C*^'^OOvOO*^CO 

U.X  <Njrri(^(\j^ocoir\r->0(Ma^xO<Nit-ifM 

00  0000  000(7<00  00  00 

u.  ••••«••••• • 

oooooooooooooooo 

S  OrHOtn»^(Mf*^0<\lr^CMfMf>-Jr<^(N 

_j-i.«  ^,-icop>-r-h-iriaoopsiff^vOr»-TOO— 4 

r>o  .............•#. 

I  <o^OLnuMni/MAin>o>oi/Mr\irMr>»o«o 

Q 
00 

•n  f<^^MOO>-^Lf^OOLno^O^-HOU^l-^-^ 

3:3c     

T—  -^  vs^oovtfM  sootNi  00  ,t>or- >*■>*• 

>•  (MrocoiAh-fNjr-rnr^r^iNj^— ^r-inh- 
ii;-.          .•!••••• • 

000  infMr*-iry>OT>fnaO*0>Oinrrif>--^o>o 
I   I   I   t   I   I   I   I   I   I   I   I   I   I   I   I 


3 


-<  fsj  po 'd- tf^  »0  ^- 00  0^  o  >-•  fNJ  <^  •*■  i^  o 

•^  fH  1^  aH  iM  1^  r-l 


88 


< 

UJ 


OOOOOOOOOOOOOQOO 

oooooooooooooooo 

•  ••••••••••••••• 

oooooooooooooooo 


>■ 
u.— 

UJ 


(Nj  ^  o^  (Si  m  r*  00  in  00  nO  0^  o  ^- •i' r\j  CD 
QOcooooN^^O^o*«o>o^>jorO'^Nt-«t 


a 


< 

u. 

UJ 


o 

H 

o 

UJ 

-J 
o 
u 


<I  I 
Ols: 
xo 

00 


u. 


vO in  CO r- o^ o  ^  0^  o f*- >t  f-t ro  f*- cvin 
c^  f^  <i  sO  o  .-<  rH  o  00  r*  r^  h- »o  mm  in 

oo  o  o  >t  >*•  ■*  ^  in  inmm  ^  nJ- ^  «4' 
oooooooooooooooo 

oooooooooooooooo 


-JT  •• • ••• 

oo  >0'H^(r)fninroo^oofM>ofO<Ma'f^«-t 
«/)(/)  p-400fsjcNj^'-i^oo'HT-<^0>a^oo 


-4"  in  m  <V4  rsj  ^  «4- o  o  fsi  <o  o  vo  vO  fM  CM 


•-ifrf    h-cooor^-<r-4<NmO'HrofnF^^oo 

0.».      i-iiH-w»H(M(MfMrOfvj<NJ(NfMfNJ«Nrs|(SJ 


QUO    r*»h-^-or*-r*f^r*'aoh-cs)0>'-^4-Hh-a^ 

Z'N  • • 

3fw 


— •  oococooO«*'>t^^^f-(>Hr-t>-<{^romfO 

QO  OOOOOOOOOOOOOOOO 

s:i^     

«-  OOOOOOOOOOOOOOOO 

z  aNCM>tNO-tf^r-f^>-«'-'-Hr-(o-t-^.-t 

►o  ooc^CT>a*<x>°ococoLnminininminm 

H-«—  fNfMr«g{Ninir\ininr^i^f*»r~>0  Osoo 

CD  oi-ia^(Mo^^<T'f\J<J''>OvOOfH-^>-r»» 

z:-.      •••••••• 

<0  f*>sOvOf*-fOf*^rO>t-*<*>tmoO>OvO 

•••^  lNfM(VJtVJCMrsJ?\)(NJ(\Jf\|(\jrsJ(MfM(M(SJ 

I- 

uj-»  oooooooooooooooo 

ao      •••• • 

ouj  in  in  in  in  in  m  in  in  in  min  in  in  in  mm 

CO-— 

•c*^  h-inmr^'HQO— <co20— «co— (-^-^•-<>4' 

h-o  •••••••••••••••• 

uuuj  r-sommoof*'COQOOOcor*a30>coa3oo 

XQ  fNJCM(\J(M(NrvJ(M<NPM(\jrv4(Mf\injpgt\J 


m  »t  f^  »o '30  o  rH  o  CO  «^  ,-<  o^  >o  om  ^0 

s:«—  mmfNjcsjr^oocoQommmsiTOrofNjrvj 

cxc  oooofO^Oro^^mmmm"4•  >t-4'>t 

<tx  oooooooooooooooo 

Q-ULt  ••••■••••t****** 

—  oooooooooooooooo 

>- 

o— »  r-ia*aoomi>— ^om^-oco(^lC^mc^J 

^^aa  ••#••••••••••••• 

U.O  ooO'OOO'^'Hh-p^.oocommmNO 

it-u  >o^o^o^•mmmm^^l^o^oro^t^t<^•4" 

UJw 

o-^  -^(^JmvO'-^oo^o-^>4■^o^-^-o^o^o 

t-iQ  ••••• •••••• 

U.H-  r^oocoaoo^0^coo>oocoaocom<o>0'KO 

U.O0  •o^0'0»o»t^^»i■rocn^om■4'^*■•4•^t 

>• 

o<—  (^J(\lvOcoc^QO^om'0^omvo-^moc^ 

u_x  ^o^-^-^^^-^-^»r<-^•r-^-^o«^'^m^t 

UJw 

>• 

o—  (\ic?«otMmh-oomco^<T>^r*-»S'fMco 

►-ta.  •••••••• ••• 

U.X  OOOOOOO^O^a^O^CT^sO'OsO  0^O>^^>t 
U.lJJ  vOOOO^t^f  »f  ^^fOrn^p|Pn^t^t«^■4• 
(M  c\j  (\i  rg  eg  CM  {\j  ?M  <N  f\j  fv  f\j  f>si  (N  psi  t\i 

OOOOOOOOOOOOOOOO 

r  oinr>^mo*oooo'4'Or*-oor*-c> 

DO  

1  sO^ '0'£'^0>00^>0>0>On0^nO»0'>0 

a 

CO 

■v  oooooooomo^mmmoh- 

3:3f  

x>—  ^o*o^oo^oo^o^o<^J^o>t»^^~^-^o-o 

>.  m>J5f-fMinmmo<N)mmog3omm 

i^'^  • 

</)0  o*rgfO<ho^oooooo-^fMfO(^po 


z 

a: 


•cMfOstmNON.  Qoo  o^fNjf<>  •i'mvO 


z 

a: 


fHCM  m-*  mxO  f^oo  oo  — tcM  fO'^'m  sO 


89 


OO  oooooooooooooooo 

<  oooooooooooooooo 

xa   ••• ••• 

h-LL  oooooooooooooooo 

LU 


>   oooooooooooooooo 
o«-<   •»••• 


< 

u. 

OJ-* 

ao 

K 

ouj 

CO 

-JQ 

LU 

CO  — 

h- 

o: 

<^ 

o 

H-CJ> 

»- 

UJIU 

o 

IQ 

LU 

K<— 

^ 

Ui 

a 

z 

o 

3 

oc 

3E  ooMnoir'r*-o«^rONOooosOiHQO.-i 

X-N.  -•OOOcM,HOOLn«tc^jfsjChCM^O 

a:o  OOOOfM(\JcNjrsirOfrifOromrOfr)>3' 

< i  oooooooooooooooo 

cls:      ..•....#».. 

xc?  oooooooooooooooo 

js:   ••••• •••••• 

(DCS  r-<Nt*-s*">oc7'r-<^"r-tvi-'-i.^i/Mriin»t 

srv,  OOOOOOOOOOOOOOOO^ 

U-  OOOOOOOOOOOOOOOO 

Q«"-  rHfHiHi— IrHi— lr-»r-lf-Hr-»rHi-4CM(VCMi-t 

2r>.     ••• •••» 

•-s:  OOOOOOOOOOOOOOOO 
3— 

-i*  •^■^»i"4'i-i»-4— 4i-4rorooOf-tOOi-H 

l».oo  .-4r-4.-4'-t<H>— lr-lr-l-^f-^(\)(^J(^Jf^){^J<^J 

ov  rnrorororf>rnmroromromfomforo 

QO  OOOOOOOOOOOOOOOO 

z::)^   ••••••••••• 

w  OOOOOOOOOOOOOOOO 

Z  rvjrorOrOsOh-oooOsO^-r*-^OoOf\)0(M 

k-H-««  ••••■••#•*#•«••• 

CO  o^<N)oonco>OOroovnoof\j>-if».OLr» 

•*-  f\l  CM  ^fsl  CM  fNJ«NI<M  CM  rgoj  CM  (SJfMfsKM 


OOOOOOOOOOOOOOOO 
OOOOOOOOOOOOOOOO 

>t -4"  <*•  sf  >t  «*•>*•«*••*•  >t  ^t  s^  s^  >t 't  •* 


OOOOOOOOOOOOOOOO 

••••■••••••••••• 

^  UMf\  O*  O  nO  ^  O  (-4  r*»  1^  r^  fO  ^  c>  ro 
r-(  iH  .H  .H  CM  ■-« -<  <M  <M  1-1  iH  <M  (M  >-< -^  CM 


<  (M  fo  >t  «n  sO  ^*  00  <>  o  fH  og  m  >j' u>  vo 


?•«  rOfo>^stQ0f*-va>0— •'^O^O^^OLn'^r^- 
ccQ.  oooorHrH— <.-»nror>jf\j(rmrnro 
<x  oooooooooooooooo 

<-'  oooooooooooooooo 

I  I  I  I 

> 

<_)^*  <M(^Jfnc^p*^-^-r^^^lf^<p^oc^oco>o 

*~^CX  •••ta*********** 

uuo  fO>d"Ln'X)OOr-i'^-4-mf^f^fM<*i^<-t 

u-o  r^r-r^r-^OvOvOvOLnuMfMninuMnin 

>- 

u— .  oorovoa^s*--^f\jinoo-<o^fMOsO 

>— o   •#• •••••••• 

LLH-  "Hr\J(M(MCT»0-^^(MrO>4'»^0^0-^ff^ 

u.cn  r-fr-h-irysO'OOuoijrMnm^MfMn-^" 

>- 

u—  r-ooomfMr-'#NttMifMrivoo^-^o 

U-X  — •-^0s)rsloO.-«>-^fnpr)«t>tOO.-4O 

u.t-,  rs.r«-!s.^.s0vO^vOLnLfMninLr(ininm 

UJ— ' 

V 

u-^  oooooooooooooooo 

UUX  f<>>*"Lr(>OrH.-4(Mmif\>00O00fO-^fMfM 

U.UJ  r*(*-r«-h->o^sO^'-r>ufMfMfMriirMr>Ln 


fM  (M  CM  iM  CM  "N  (M  CM  CM  fM  CM  CM  fM  «M  (M  CM 
OC  0><7»C>OO<>i?*0^O0*a*<T>C^0>C7>a" 

oooooooooooooooo 

S    OOCSJrO^-CO'H'HfM^^^inOtMrHiH 

J*-  rH'-),-^,H<^c^ooc^<^<^(^oooo 
30   •••••#•••• 

a 

"S.   rSJCs|vOirNr-4r-(F-li-l'HOOr-lr-»iriOOm!n 

ac3:   •  •  •  • • 

x«^  ^•r«»f***o>^v0>o>oo'0»ovo>0v0v00 

e 


>•         rnf^OrOCMrorOWcMO^-fO^OinO^O 
coo     cMcMrf>»i"fMrouMriQoooO'^c\jrriro<4" 

H-*^       rH»-(FH>Hi-i<iHr-liH  pH  fH  i-<  .H  r-l  i-H 


-« <M  (^  <Hn  ^  h- CO  CT»  O -H  CM  fO  "^  10  vO 


90 


ou  oooooooooooooooo 

h-li.      OOOOOOOOOOOOOOOO 


>  >trO(\jrOh-^C0f*-CNJ00fH^CMs0C\J<\J 

u*-       •••••••• •• 

u-w  oa^oNOvor*r-CTNOooooofMir>r-h- 

UJ 


a. 


< 
U. 


00 

LU 


o 
o 

UJ 


o 
o 


3:  fOrg(\j>tf>-coco>om-Honc\jor'*>o^ 
h-'4TOrO'-HOO^O~'aococo(MnfOff' 

< I  oooooooooooooooo 

as:  ................ 

xo  oooooooooooooooo 

4/) 

«<^ 

<"^ 

_jie:      •••••••••. * 

ST'v  0000000000000*0^00 

U-  .Htvjr-rgin^roeciomoh-O^-^xCO 

u.^        ••••••••• « 

¥^b9  irNPsJOO<M<Nf\)»H>:fro«tlA'H'-<i-«>i' 

Qoo  a*o<-^CT»*ooif\Lnoooor»-o^r-f*-r>- 

2^ 

^'s:  PvirofocMfHCsiro^fOrvjojrvjoooo 

-»  !r^fn^n^-^oco>o^•a»oo«Hp-^ocoa'C^ 

oo  oooooooooooooooo 

aisc   • 

»-  oooooooooooooooo 

•—)««  ............    a... 

••O  OO(7>Or0<^*J'^0000  00Q0i7*0>C^0^ 

QQ  fvioocoNO>*OfM<\jooirkr-0">j»oo 

2:^      f» 

<o  >j3r*'r~oO'^f\jfvj<Mn'*st'*u^f*-Qoo 

LU*-.  oooooooooooooooo 

OLu  iryirMnLrnninirMr»mu>ifMrMoijatfMf> 

_jO  (N{\J(MrsJtNlr>Jt\JfMf\jrslfsltM(M(NfNfM 


<-•     0^>J'OrgtHrHrvj(r^pom<^OfNJ(NO 

LULU       rHh-h-fHrslOsOfSJCsJO^CTifMCO^-ChOO 


QC 


^  Psi  CO  •*  u^  >o  I**  CO  0^  o  <-«  (M  (^  .*•  10  %o 


i^>of*-r^<rLnM3i-<OcOvOf-o^tjOf^ro 

S—  rOOOO^OO^CT^OLrvrOfOrO^rsJOr- 

<X  OOOOOOOOOOOOOOOO 

Cl,LU 

—  OOOOOOOOOOOOOOOO 

>- 

(jf-m  cof.-in'jr\Orvj'-<0'HOO*rotM^rocx) 

i-tCC  ................ 

U-O  r-lOOf-t^-oor^c^OOl-^^f<slsOC^C^ 

UJw 

>- 

O-o  ir\rncooOh-f\j<\|coa>>Of^vOir\(MrOvt 

•-•o  •.....••»..•••.. 

u.(_  tHf<-irOfOQOCT*o^cx)— i(\j(\ifsjr«-Or-)fn 

ULi>o  ifMnmLnfvjrsioa<MvOvo^OsOro>t'*.t 

UJw. 

>• 

O— .  -^CMrNvOx*"*^  <>h"Oaoooa*>4-(\Jr\joo 

•— •LU  ................ 

LLX  0-<fMfMa3COvOaDOOOOr^O^<T^O 

uuH-  ur\irtir\if\(\ifM(\jfNi>Ov0^o>Ofororo-.t 

UJ'<«> 

>- 

0««*  »f  rorgt^r-s^oDr-rsjoOr-isOfN^fVrg 

—to.  ................ 

uLx  oc^c^O'0^-^-o>cocooo^sJ^n^-^- 

U-Uj  (ri>^sf  iA>-i'-«i-H.-iLr\Lr>sOvOrofnmro 

UJ  — 

OC> 00 0^(?' IT* (7* 0^ O  00  OOO0^ 

a:  0v<x)a>a*cocx>c3ocoooooo^cr*o^crooo 

LL  ................ 

OOOOOOOOOOOOOOOO 

;  r-ooO'«^'HOro^fM(Mc\i— *of\irn 

_J.-.  0'-tr-»r-4-4'Lr\r^-,t— <r-(.-«tr-«rvjrsJOJfM 

z?o 

a 

"ss  r^— 4  Lor^  com  o^«-^conoo  fH>t'>h  4" 

-S3:      •• 

X*-  vor^r*-sO'HrriOf-ir*-%oinNOcrcocooo 

>  mcocoo(7*oooof\)vom  ,oof\i(M(\i 

i^^  ................ 

000  r-(OQ'Hiovor>-r^coooOf-«>tNOco 

z 

3  r-»<Mfo«tio>or^ooo*0'^fMfn>tino 


91 


xa      •• 

h-U.     oooooooooooooooo 


o-»      ••«... 

UJ 


3 

□CO 

<  I 

CO 


—( tn  f\j  rv  fsj  o  p-i  0^  ^J"  cMn  nJ"  ^  00  a^  r^ 

00  (NJ  CMf>  O  >0  a^  CO  (M  0^  O  O  >i- (M  (NJ  o 

oooooooooooooooo 
oooooooooooooooo 


o 


o 


o 

< 

u. 

UJ« 

cLe> 

t- 

OLU 

(/) 

-JO 

UJ 

(/5  — 

H- 

QC 

<  — 

o 

H-O 

h- 

UJOl 

o 

XQ 

UJ 

Kw 

u 

-J 

o 

Z 

o 

D 

QC 

QO     ^^^jTOOPvjrriirNOvOcof^roOsOCOrO 
2*v    >^r-^-^o^-coco^-^-ooa3^-coa^coco 

1-3 


u.  •HO'^or*'(Mr^o^-4-iri\or-sO(^o^.-( 

Li.-.        «.•••...«• 

>-iW  fno(>»>^o>i-ino>*if\i-i^f  co-^in-o 

Oi>o  rgsOOOsOoof^h-r^rsiaocMf\jh-QOfMoo 

Z>v 

3** 


-»  (NjcMFHOir(»o«t'^<^Lr»rnco^or*o!7' 

Ov.  mrornmrnporornrnmrnrofMrnrnrri 

oo  oooooooooooooooo 

x:*!:      •• 

—  oooooooooooooooo 

2  ^-lr\a^oc^-Hrsl^-^.^nu^^.r^J^-rH^o 

M_)  ^-Qo^-co^^m^r^^^O'Hcoc^a^c^oo 

CD  ocor*-^vOO-^^r^oor-(o>>f  in^ou^ 

;£-«      •.••.••.. 

**-  -Hi-tfsifNirsKvjcMrg-^rHi-H^fMrMcvjrvj 


oooooooooooooooo 

•0  0v0^0^^'0>0^^0^0^^^0•0^0 


•-(  (N  O^  fM  PsI -^  (7> -O  CO  >0  "-0  CO -H  h- in  f^ 

rr»  %t  00  tfN  m  o  <XNi  ro  o  o  rn  ir\  CM  rs»  «* 
in  %s- ^  iTi  nJ- >*•  fo  "^  %f  >f  >t  >i"  «4- >t  .t  "^^ 


<-t  PsJ  ro  •*  Ifi  O  f*»  00  0>  O  .-I  CNJ  fO  >t  LT*  sO 


C^  o -^  r*- o  ir\  r^  ^- tn  or —J  rfi  oc  N- (T>  r- 

2:~  >S-o^irir-»r*-fsiir\mof^«^coo*QOcoc^ 

U.O.  r<^<M-^rsJ^OfOf^f^^•OsOH30000 

-dx  oooooooooooooooo 

—  oooooooooooooooo 

>- 

o—  co.tc^r--»cococo(\jr*'4-invom!-<co 

)— iQ^  .....••.■•I...*. 

U.O  rnsO'-fO!T'fO>;j-rnQOf^r^rn(\)>j'>*'4- 

LUw 

o**  QOf\jr^r<^vOcNifO^^Ovtoo-HoonfNjoo 

i-O        ...••... 

U.H-  o«*"-^aDO>(MOocoorgo>^ijrMn'4- 

>• 

O— .  -Hr-.N0ir\0^f0Lf\mfsjr0siT0r0Oa0O 

llx  '-^o^oo^Ol7•^~^-^5  0c\la^o(^!'^-^ 

> 

o<-»  '-^c^fMc^c^^c^a^o^^-o^-f\l(M^-o 

>^a      •.••••.*• 

LLX  cofsj>o>-ivoo.-Hor*'fnr^t\iQO— to—i 

LULU  >j"ir>u^in>^LrMr\intMrnromiriv0^o 

UJ  — 

Oooooooooooooooo 

u. 

oooooooooooooooo 

:  tMcO'-^(NlrnoO'^'4"<NNf  iTiir.  or^o 

_)— ,  OOr-t—t-^— trvJtNli-C-^i-lr-lOOOO 

3U 

I  muovO'OsO«o«oo^vO'0>ONO-0'0>o 

o 

«v  -^^hir>^mooo^Ln-<-jom^m 

33: 

>-  -HOOincMrivoa3f^Ovoma>invOir> 

^—  .•..•••.••.....• 

<-oo  fnf\ifMO>-H<\jfvg-,}'o<jrsjfHOir\h.^-r.- 


o        -^(^l^O'4■lO>o^-coc^Ot-^^Jmsttno 


92 


oo 

< 


oooooooooooooooo 
oooooooooooooooo 

oooooooooooooooo 


>- 

IX.— 
Uj 


oooooooooooooooo 

o  f-t 'H  oj  o  o '^  o  (Nj  f<^  <\i  m  no  •o  r- vo 
r«- r^  f»- r~  >^  >t  ro  st  o  vo  o  so  r- r»- f*- ^- 


o 

Ol 

a. 


00 
UJ 


O 

H- 
O 

—I 
-J 

a 
o 


<  I 

a.  2: 

1/5 


oca* 


rvj  sj- vjO  O  »4"  C -^  CO  o  r>- c>  O  <NJ  O  O  CO 
fM  m  cvin  10  "^^  ■*  "^  o  0^  CO  00  %o  vo  o  o 
^  ^ ,_( p^  f>- 1^  r- r- pri  (Nj  (M  CM  o  o  o  o 
oooooooooooooooo 

oooooooooooooooo 


«r«d-<}-vOOOOOr-iOOO^OrHO 

h.  h- r-- so  (\j  m  ro  n-i(\j  ro  rn  fO  (Nj  m  M  m 


LL  OOOOOOOOOOOOOOOO 

u_-»       •••« ••••••• 

»-*&9  oooocr'C>c^<7^oooornmmro 

Quo  —ffoi^f^oovooinoor^sor^-corococr 

z^      

•-*s:  ^OvO>o>Of'>«4Tr»fo»oooo>'Ocroooc 

00  oooooooooooooooo 

s:^ 

-•  Oooooooooooooooo 

Z  a3C7^-4.4-mrN4  0(^fM— '<f"-H>oa^^>-* 

^<^««^  ................ 

»0  OO-^'-»o^^0^'4■-*•^t-t•J-■^<^L.'^ 

J— »-  rs)?sjtN^jaocC)coco>t>t^^<M<M^>'N 

CQ  OOOOOOOOOOOOOOOO 

^^      ...•••.. 

<o  m(MrnfOO*c^c7*c^oo— i.-irnroi^ro 

»—  ^-Hi-ii-if-i^i--<t-)(\i(N)rsjr\){\jfMr\jf\i 

lu^  oooooooooooooooo 

OLu  'nir\trMr\oooooooooooo 

<^  r»r«-o^4-rsiOK£)(^rost— *x\a<"r»^co 

H-O        •• 

ujuj  Ln>t>tiAaoNOinf^of-r^<X)m(M'^'>*' 

XQ  ,-i,-i(,-^,H 

I— w 

z 

O  -^oJ^o•*m^o^-coo^o-^f^J<^^u^o 


O  ^  rr,  h" -^  <^  O  ■<)•  rO  0^  f\!  03  ^- O  O  rO 

0:0.  oooo^-^^^■^-f^J!^^i(^JcMOooo 

OCX  OOOOOOOOOOOOOOOO 

Q.LL!  .•.•.••••..••*.. 

w  oooooooooooooooo 

>• 

i~iO^  .•.••...•.■..... 

LLO  OOO— 4C3^Or*-CT*(\irn(MrCiv0^P^O 

> 

u.(—  iTMn  tr>  in  vOi^f^r*-i/M^  \0>o  0^00  COCO 

u-t/^  •o>o^D>o^fNjcNjfMirMntjr\tr\sOvOOso 

>- 

o—  o><i-covo»t''X)o<'Ln'OOi-<a^cccD>o 

I— lUJ  ................ 

ulx  -oirMnLnr^-o^-r^inLno^oooDaDco 

u-t—  >OsOvO-OfM(Mo\jf\jLntnmtnvO>oo>o 

UJ«— 

>- 

0-~  OOOOOOOOOOOOOOOO 

•— "Cl  ..••.••••..•»... 

U,X  O,-ir-Hf\jOOC0O(Mrn<NrnN0'J3l^ -0 

U_L1J  ^-^-^"^-•4•v:^f^>^  0'>O^O^O^N•^-^»• 
fM  (M  (NJ  (\j  rsj  r\J  <M  CM  (Nj  CM  (M  (\) 'M  tvj  (M  CM 

cc  ^^c7^c^c^!7^c^c^c^c^o^a^c^c^c^c^c^ 

OOOOOOOOOOOOOOOO 

s  ^•^o^cO'JD— iro— ^lr\oo-^•-«r>-^•^-^- 
_J-~  GOcoa3rovtJDLfMn'^<-i(\j(Njoooo 
00      •• 

I  imnLnin'Ovo-vO-O'OOO^vOvO-Oso 
s* 
o 
(/) 

"N.  c^^f^J^'^^Or^Olnoof^J'4■c^ooc^lf^ 

X—  coC^--lC^^->^OC>--^ooc^JsO(M^*•r^JC^ 

>.  O-tOOLfMAinmC^O^rOi^rvJCJOsirvJ 

^-«      • • 

ooo  sOr^vJD-OfNJ'NJrvJfNjrOfOiryirtoocoaoco 

I I    I   I    I 


a: 


4  (N)  ro  >}•  tn  »o  h- 20  o>  o  ^  <N  rn  ^t  ir\  >o 


93 


< 

UJ 


oooooooooooooooo 
oooooooooooooooo 

oooooooooooooooo 


>-  ^oo^?^(^c^^-co^o^o^Ofr|^cc^■o 

o—        ,»•,•••..•. 

u-B-f  mm(nLnroo\jf-iroc\ior~oinh-ot^ 

UJ 


<  I 
</■> 


Lr.ro>3"tnLn>j-vjOtoon^ttnoo^r^ 
oooooooooooooooo 
oooooooooooooooo 


LU 
CO 

< 

X 

o 


UJ 


U- 


UJ 


c 
o 

UJ 


-J?"      ••• 

OC?     ioo^'-'f*-^-^'\:f^«3-^'\l^NO^J"Om 
t/;t/5     ■>i-»^ir\>tc?iOro-^Or-<"-'OfvifNJ!Nj-^ 


U-  ir\Of^o^<x>inf*-r^roir>cosOco<7^ooO 

u •••• ••••••• 

— '9-?  sor*-r*-^-(M!Nj— ^-Hi-HOOfMifMnLnNO 

Q(/)  Orr\f<>cOrOroO-jD(MO»(rir\ja»-<rcNO 

Zv.       • 

-*  LnLnsO-0  33ro-Hfnf^'-'-<^'.r\^0'HOQO 

QO  OOOOOOOOOOOOOOOO 

siij:  •••.•..•• 

w  OOOOOOOOOOOOOOOO 

t— w  f\j  rsi<Mc^Lnin  in  1^00  0003  00  r^r*-^-r«- 

ro  oo>f>-<7''-^oo(sj,oo">J"c>->ta^«4-'^ 

s:'-.      • • 

<0  >J--4->tNtoOh-ooao-JO-H— ^'^^0^0•4■ 
•—  (\if\j(Nj(MfMf\jfsj(\jrgfsi<M<Mr^JfNjfMf\j 

I— 

UJ-»  OOOOOOOOOOOOOOOO 

ao      !•••••••••• 

Olli  OOOOOOOOOOOOOOOO 

_iO  'r\iPiinunLnir\inijr\Lr>intnLfMrMn'-fMr> 

<— .  Nt-f  OLnfNiocooiriOiooomroo 

H-O        • • •••• 

ujuj  -OLni-nsOsiTnm>tNfm-t'>omm^in 


oof^C^str<^^^00.-ivO^«-cort^f^rMvj- 

Ci^Q.  OOOOCNjrslCNJfNvOsOvO^tOl^'^iri 

<X  OOOOOOOOOOOOOOOO 

Q-UJ  •••••••••••••••• 

—  OOOOOOOOOOOOOOOO 

>• 

o*"-  OLnLr>o.-i(M00>4"OO>^f^s0rMrf4C^ 

•-•a:      •• • • 

u-o  Nt^ir\f*->dTn(Nirtf\4(\jooor*Ofnc> 

>- 

o**  (NjN- JDir\roo>4-o^>or-r-»Of\jtHr»-vO 

t—Oi  •••••••••••••••• 

uu(—  cooooo^-^.^»^-^-v0^n^/^^^o^oc^J<M 

u,</)  r-r-r^t*-vo^o^>^«4'>i">tLnLninLn 

O^  >tr\j— t^ooo^^^^^o^tlf^>tot/^^Of♦^ 

MUJ  •••••••••••••••• 

U-X  O^-^-^0f^^0O^0O<^■^^:J•f-^OOO 

ijj— 

>- 

o«—  '^oc^(7lC^c^^-QO^o^o{^Ofr^>oc^^ 

>— <c^  •••••••••••••••• 

U.X  r'^^0r0tA^0<^J'-^rn<MO^-Olf^f*-O^- 

U.UJ  r-r*-r~soir>>OvO>oro>f fn>t<4"4'm'^ 

UJw 

m  m  t*^  ro  fM  <N  rg  fM  <-i  •-<<-•  O 'H  ^  fH  f-^ 

UL  ••••••••••■••••• 

OOOOOOOOOOOOOOOO 

5  OsO'Or«-ro>*'fNjfocomm^oh->t<M 

J—  !jf>  ro  m  fM  v0~O  CO  C^^rOfM  CM  «*"«*' >t^>t 

DO         •••••• ••••t 

a 
3:3      

X—  r0OO00OOfninNt^0-.*''^O(N|'HO 

>-  ^oc^^ocMAfMf<^^OM.•^lC^^o^■l^^r*^- 

i<i-*      ••«• 

coo  O'Oooiri'ryLninvOtfMn'Ooooaoo^ 

(— — »  rH<— •f-4<— >'^<— <i-4 


o 
o 


2; 


•H  fM  fO  >t  ITi  vO  f*- 00  C»  O -^  f\J  f^  ^t '-T*  nO 
<— •  r-ti>^  rH  •-4 'i^  i»4 


2 

ID 

QC 


-<  fvj  m  ^  in  >o  f*- 30  0^  o -^  fNi  m  >*■  in  >o 
,H  f-i  f-4  <^  ^^4 -4  f-H 


94 


< 

H-LL 
UU 


OOOOOOOOOOOOOOOO 

oooooooooooooooo 

OOOOOOOOOOOOOOOO 


>- 

UJ 


O  CM  ifMfN '-I  ^ --^  vO  O  rn  CO  CO  ro  o^  rH  h- 

•j- *t  .-<  »-<  (M  (\i  in  >t  n  fvi  vO  in -.0  >4- ro  csj 
aocor»-^->Oso^o^^-^-^t<^^t^tcoco 


a: 

CO 

z: 
< 

o 


>- 


o 

< 
a. 


Hi 


o 

O 

LU 


:x  oo»oh--^fninocoin>^OfOf\ioo-< 

QtO  00{N)CSI>t>t>i">tfM(MP^^-f*-f^OO 

< I  oooooooooooooooo 

as:   •• 

xo  oooooooooooooooo 

-15:      • •  • 

00  r-<OiAiAaor«>-c^vOO^cooo(\jrornoo 

t/)</5  {T^Or-t-^fpH—lOOOOfVjOOfHi-lOO^ 

ZN,  ©'OOOOOOOOOOOOOOOO 

u_  fo^r«.cor*-o^oor-tinrriOoo^'4*>oin 

U-—      • 

»-<e*  fH'-^oooorMroinfomrMfomnvO 

Qi/)  rg^f-«mooooo>ao(7>m<^rn'-^>OiAl^ 

Z*N  • 

t-<2:  csifrK<)^tOr-)>t>t»t'*Oi-irom^fNj 

*->  o^c<— (-HfvjrosOo^i'Lnoooirs^^-^ 

»— 00  urMniAi/MnurMo<)^\0inin«*'>tmLO 

00  oooooooooooooooo 

X:^   .••••.. ...• 

^  oooooooooooooooo 

z  QOinmrofO(\jr«-m'4't^c7>ooaoONO<->< 

*o  <N(Moooo^-p*^owD^•>ol^l^nA^of*■^- 

(-.—  romtoif\r*r-r*«r*mmoooofOfO 

CO  fvja5ir\f-«ONaovNromr<jrvjsOooQaoo 

s:-*      •••••.••••• 

Lu—  fO^coroN-vOsOpacrOLnroO'^jrocjo 

CX.O  •*••.•.••••••.•« 

ouj  a>^ocMfvmQo»-(r^»-4^jor^ooor-<T' 

<t^  oooooooooooooooo 

ujuu  oooooooooooooooo 

XQ 


eta. 
<rx 

Q.UJ 


>■ 

li.C 


>r  f<^ -cr  CO  vO  t^ —•  <^  CM  r>j  — 4  r*  ro  ro  o  o> 
O  O  •jj- «^  rg  rvj  (Nj -H  fTi  rsj  •>  00  00  00  O  O 
O  O  f\J  (\J  4- ^  sf  N^  r\J  c\J  o  "0  vO  .0  O  O 
00  000 CD 00 OC  000000 

OOOOOOOOOOOOOOOO 

I  I  I 

in  03  vo  fO  m  «t  1^ -H  ^4>  C7>  fT' (M  •>©  O  rg  vO 

ro  (^ '^  fvj  O^  1-4  sO  O  ro '~' tNJ  (^  ^*  o  f^  o>4 

CO  CO  r- r*  m  vO  vO  o  r- r- <f  "*•  si- s*- CO  00 


o-""  oofvtOO>oa>ooomco<-^<f>rninrg 

i~<o  ................ 

u-t—  '-•o(7'a«(r<7oa^oooo>tif\Loino-« 

u-co  oocosONOintjfMnvOvor^>t>*'>t«^ooco 

UJ«— 

>- 

u—  ir>roof\JrOvorf>inrgr*-cx)h-orOstfO 

)-<lJU  .•..••.*•.•...*. 

UUX  -<fH(T'f0fMOC000(?0O00r*-.t(^O.-H 

u.h-  cooo^0^o^Ou^Lno^*'4*>*'>*'•4'coa^ 

LU-' 

0-*  O(^Jlr^tf^.-lstr-^s0orl00Q0f<^c^'-<^• 

U.U.)  coQor*-r-vO>o^o^cir^f^>*"^'^st«>co 

UJ— 

m  in  >t  >t  LTMn  vt  <*•  uMn  in 'jTh  >t  ^t  if>  >jf> 

u_  •••..••••*..•••• 

oooooooooooooooo 

e  rnin«-»oo>>oiniNfOr^(7^40oosoooi-H 

_j—  rf>s^»^(^^*'^l^^^n•-^OCT»<-•^^-ln^o 

30        • • 

I  >t^inm«t«Mnininin>tuMnin>^^ 

x: 

a 

(/) 

■v  •HiniAoO'-«infOfOfncOfHsow^>tooo 

3::s      •  •  • 

X—  >tr»"r»-fsjo^fNj>4'>t4'<vjc^Oh-a^rMvo 

s  -i^^^rg     M<M<\i<\jfM     .-tiHi-ifM,-! 


>-  0Ofr»fOr*-?0f^rO'^^fn(\ICO-H'-^-tOO 

too     rg(\jrorg(r)(^'<h^t«t'«tr*p*'03coooo^ 


O 
O 


3 


i-«  (N  ro  >t  in  >o  f*- 00  p>  o  — «r\j  ro  "^t  ir»  vO 
,-9  ^p.4,— ip^,^^ 


»-t  (\j  fo  ,t  in  vo  t>»  00  ■>  o  "H  (\((r)  >t  in  sO 


95 


< 

H-U. 

LU 


oooooooooooooooo 
ifMrMfMrMnmiTi  ir>  uMTMn  tni/MfMO  in 

oooooooooooooooo 


lJL»e 

at 


^  ifi  ^- K  cvj -<  »-•  «o  m  •*"  ^  vO  <o  <NJ  <N  ^ 

uMn  in  inifMn  o  (T*  o  00  in  CO  ir\  vO  •*  <-• 
r*  r- h- h- vO  ^o  r«- ^  m  tn  in  in  st  ■4' vf  ^t 


< 
-J 

uu 

00 

s: 

< 

X 


X 


35 

<  I 

cls: 

1/1 


00l>0 

►-4  3t 


<r 

u. 

UJ*-. 

ao 

K 

OUJ 

CO 

-JO 

UJ 

(/)■— 

H 

cf 

<^ 

O 

W.O 

K 

LULU 

U 

XQ 

LU 

»— •« 

-J 

_J 

o 

z 

o 

r> 

a: 

i-t  .-I  ^  o  CMn  o  in  f-i  40  fH  ^  fsj -^  tn -^ 
00  00  CO  00  00  h- m  iH  in  «*•  in  sMn  in  00  o 
ph -H  i-H  f-t  po  m  m  ro  in  in  in  in  r..  f- p^  CO 
oooooooooooooooo 

oooooooooooooooo 


r..stoopnQOoovtc^>t>tooooocoo 
^O'-OsOvO^orno^oooO'-t.-H'Ho 
a^a>o^  oooooooooooooooo 


u-  >o^O(\i(\jinooo>r>-«o^ooo>o^r>jfo 

it.-*      • ••••• 

•-H^  o o •-<•-* in -^ in •^o>oo(7\0'Hf-if-tf--t 

'      '  ^i^  ^^^^  T^  ^^  ^^  F^  F^H  f^                           ^*1  r^^  ''^  P*^  f^^ 

oto  fncoro»0'Oro<<)fn»-<'^>-tp*oin'00 

Z's       •••••• 

-^  Nt'»^'4*>tooaocoooinLnLnino^oo>HrH 

►—to  sO<OvOOsO*0'45sOf^f^r^P^P*'f*~0000 

O'v  fOrOfO(^f*^forOf<>fOfOrorororOfnpo 

ots  oooooooooooooooo 

s::^;  ••••!•••••■••••• 

«-  oooooooooooooooo 

Z  ONO'^r-isO'0'-^ro<Nooo>too-.tfO^ 

••u  lnlnln<o^•^«"m^oc^oooc^^rMnoo 

K—  rorom(r»,t>t->t>4-'OOf^*£>oocoocr 

CO  OOrOrOfM»t-4-Or*-<»r-»sOO>rO>tfNJcO 

s:«->  •••••••••••••••• 

<0  N^^)m^t'*<^U^^^*'30(X)oO'^Jr^4^0(^J 


OOOOOOOOOOOOOOOO 
•  ••••••••••••••• 

OOOOOOOOOOOOOOOO 

^t -t  <^ -t  <^ -t -t  <^ '>t  ■4*  >t  >t -t  >t -t  vt 


OOOOOOOOOOOOOOOO 

^0^0^0^0^O^0•J0^O'>0>O^0^0^O^'>O^O 


^  (N  fo  >t  m  nO  (>•  00  o^  o -^  (N  ro  >^  in  »o 


•■o  CO  h- »*■  m  oo  .-< --0  nj  in -t  m  (Nj  ro  r»>  ro 

s:—.  ^^4^J<\lrvJ^tf^JO^0'-^o«^OfM<Nln^- 

a.ct  rH  ^Hr-l^^^Ofo  rf)f\i  in  in  mint*- r-h-r- 

<X  OOOOOOOOOOOOOOOO 
Q.UJ    •••••!•#•••••••• 

—  OOOOOOOOOOOOOOOO 

>- 

o—  Of-»0(N<-<t*-ooinoinfvjr\iaooo«t 

ulo  ln^o^o^0l'^^tooo>^-0o^^^f*c^^(r> 

uLo  r^h-t*-r-»o>0'0^otnininin«^«rf'<4-»i*" 

> 

U«~  oOOrg>H00r0'-to-*'0*'4''-4OO^ 

itt—  inininm-4'«tsOooinin'4'LnrofO-40 

Lui/)  fs.f^r*-r*>OvONOvOinininin>t't''4"4' 

IJJw 

o-»  oo>^^-^»l-^(^)lnc^JC^^OQO^-oofM{^JOO 

H-lLi,l    •••••••••••••••• 

u-x  .t<t'>*">4->*-inNOoofO>d-rO'4'Oocrr*- 

u-K-  ^-^"r«•^->o•^^>Olnlnmln■^^^t«*>f*^ 

o-»  'tinf*-r-<\i— 4— <v0inst'-<-o>O(sjnj'-* 

uux  ininininininoa*'Oooinooin>o^r-i 

U.UJ  r»-t*-r-h->0'Or-vOininLnin>t^»t^ 

UJw 

fO  rn  fO  m  fo  m  fO  (T)  ro  m  fO  f<^  rg  fMCM  nj 

U-  ••• ••••*•• 

oooooooooooooooo 

s  rO'4'roao'>tinoo>r^i*-f*-oo<vooo>o 

_j-*  inNOtntnoor>-r»-sOfOrofOfM^-f*->£>t^ 

IDO        ....• •••t*« 

I  •**'«*->^>t>t->t^'4"inininininininin 
5: 
a 
I/) 

>s  >o^n^oc3ooo^o>o^OLn^nlnoo^oo^c^<7^ 

3:3:      •••••••• ••• 

X—  OfMO-^f-^OOor-P^-f-vOOrNjO^O 

>  Oo>0  0000— 4a0(X5OvJ  o>>t">  00  f*-<NJ 
ii;^       •••••..•••••...• 

(/>0  r<»oooOC7o-4->tTf>00-^rH'Mv0^ir\sO 

I — ■        MM       \   \   \   i 


z 
a: 


■-^  (Nj  rn  >t  in  nO  f<»  CO  Oo  o  — ♦  CM  ro  ■4"  in  vO 

fM  r-<  i—t  1-4  t«^  1-^  <— ! 


96 


< 

UJ 


> 
UJ 


oooooooooooooooo 
uMn  in  iniTi  ifNio  in  irMTMfMn  in  irMni/> 

oooooooooooooooo 


m  m —iin  fo  •-<  ^d  •4- nj  eg  00  (M  o^  sO  <* 't 

ooco^t^o^co.-^0(^(^ff^o^o^or*-(^ 
sO  >o  m  in  r»- r- in  in  m  in  nO  r*- r*  r*  in  m 


3 

<   I 

a.  2: 

xo 


no 


•-.{►9 

Ow 

^^ 

Qi/> 

Z*^ 

•-^s: 

ac— 

z 

^^ 

»~( 

i-t/j 

< 

ov 

u 

oo 

OC 

z:^ 

LU 

«i» 

CO 

X 

< 

z 

X 

•~^o« 

o 

*o 

oooooooooooooooo 
-o  »o  in  ^>  f-*  rH  (\j  <Nj  r- >o  psj  c\j  o  o  o  >o 
ro  m  >o  vfi  1-4  >-<  r^  f*- m  in  m  M  »-<  r-t  ^  m 
oooooooooooooooo 

oooooooooooooooo 


>-i:x    i-H 


r- ro  o  cr  vo  CT»  i-i  r-*  rn  — ( o  vo  o  00  >c  O' 
-Hinr^>ocoaDoofn>i-ooocr*-«>ro 
o  a>  ff>  (7>  (j^  0^  o  o  o*  0^  c^  o^  o>  o^  00  (7* 


m -4"  CMn  h"  >t  r- mm  (N  0^ '^  fvj  >t  »-• '^ 
sO  r^  ro  fO  00  r*  CO  CT»  fNi  — I  •>o  CO  cvj  rH  m  o 


-<oo^a>OQoco*-400^a^r»-ooc»of»- 

r-»r-lOO»-«00-^fHOOf-*«-<.i^OO 


"^  x^ -^  >^  ro  ro  fO  fO  (^  f<^  rO  fO  f>  ro  f^  fO 
in  in  in  in  in  in  in  in  in  in  in  in  min  in  in 
n  fO  f<^  fo  f*^  CO  m  fo  ro  fo  fo  fo  rn  fo  fo  ro 

OOOOOOOOOOOOOOOO 


— '  OOOOOOOOOOOOOOOO 


00  o^  r^  o  o  f^  in  JO  no  sO  0^  f*- in  in  ro  o» 

(*- h- rg  ^  in  in  «t  •^O  o  vO  >o '^^  >*•  o  o 
in  m  00  00  m  fo  c^  <M^  r*  •4' '•J' fvj  (V  r*- h- 


uCCl. 
<LX 
Q.UJ 


>- 

U.O 
U-O 

> 

U.I- 
U.l>0 

LU'- 

>• 

»^UJ 
U-X 
U.I- 

UJ'-» 

>■ 

LLX 
LLUJ 
tUw 


CC 


.^^  m  00  r-^  in  o  c\i  o  st"  CM  o  t^i  <5 -"t  "^o^ 
^H^o-^fOlnlnooco(^Jf^|^o^-s^sJ•  ^r-t 
rofo  vO  ^o  o  oo  oinmr\j<M  oo  inin 
oooooooooooooooo 


—    oooooooooooooooo 


fO  »-<  ,-t  <f- in  i-i  <r -H  ro  o  rg  o  h- »^  o  o 

h- r- -^  o  vo  00  sO  t**  f*- ^•  Ch  o  r«»  r»  s^^o 
vO  \0  m  m  ^- f^  "4*  "^^  m  in  so  1^  p- ^*  inm 


O  sO  p-t  ro  >t 'O  »:}•  in  rn  ^4"  pH  00  00  0^  <N  vjtj 

in  >t  (T"  CO  00  CO  in  in -d"  ><•  00  f*- 00  oo  eg 't 
vO  vo 's^  x**  h"  ^^  "^^  >t  mm  o  O  J^  f*- in  m 


>o  0^  <-i  m  <\)  o  r- r»- (SI  so  r- xt  o^  o  r*- ■4' 

o  m  (Nj ,-( 00  00  <?■  00  so  vo  00  r- r^  CO  mfv. 
'0^x)mm^-r«.«t■4•mm  ^o^o^-^-mm 


men -nm  fo -Hrg  ^  rgpg  oonj  O"  >o  ^fxtf- 
oo  00  ^  ro  ^  00  >-(  o  o*"  a>  c^  o  vO -O  r**  c^ 
>o  vO  m  m  r- r~m  m  m  m  vO  r^  r*- 1*- mm 


ro  ro  {<>  po  ^t  »{ht^  m  ro  m  r<*i  m  m  m  ro  ro 
oooooooooooooooo 


> 

ca 

h- 

s:-* 

Ni^ 

<o 

-i 

■»■■* 

tx 

H- 

u 

< 

u. 

Ul— 

Q-O 

t- 

OOJ 

1/1 

-JO 

lU 

lO*- 

h- 

ac 

<— 

o 

j-O 

K 

OJUJ 

u 

XQ 

UJ 

h— » 

_j 

^ 

o 

Z 

u 

3 

ct: 

a>  fsj  00  0^  ^  nj  fvi  f*- r*  m  o  — •  o  nj  sO  rsi 

m«onj<\l<T'Og3  0^<-»fO(NJOOOrsi 
CNj  eg  <M  CM  tvj  fo  nj  (N  <N  <M  rg  <Ni  rg  <M  rg  rg 


«t'4•oO'-*l-l^t^!^oooommoo 
•  ••••••••••t**** 

r»- r*  oo  00  m  m  m  m  r-r~  cooo  o^  o<  r^  f*" 

fOrOrOfO«i'»^«^-4'^«^>t'^'«^'4"'4'>4' 


ro  00  vO  O^  00  gs  o^  Cr  00  ro  in  n  rO  ro  (\i  f-t 
^  p-»  p-i  fO  ,H  (M  (-•  CM  i-tcsj  ^N —leg  .HO* 


» fM  pr>  st  m  o  1^  00  (7*  o  >-«M  c<>  ^t  m  nO 


DO 

I 

s: 
o 
to 

3:3 

X— 

e 


> 
«/>o 


Z 

a: 


•-»  00  «4' m  CO  r*"  (M  m -t  o  o  fNim  m  h- (N 
h- so  CO  CO  CO  fs)  CO  a>  r*"  1^  «t  h- st  <»•  m  gD 


■  •  •  t  • 


•  •  •  •  •  • 


97 


•4"  •4"*' ^  >t  •4'«4"  x*"^  ^"4- sT^  >t '4•■4• 
a^  m -<  — •  m  r-h"  c^  m  f-i  »-<  nj  m  o  o  >t 
o>  o  CT»  a»  o  cooo  a>  0^  o  (7^  fNJ  <M  rg  00  00 


^<^^•0  o>«  mr*  mroOfvjO  !7^<N  coo 
•  •••••••••••••t* 


>-•  rg  fo  sf  m  >or*  00  0^  o  »H  fv)  ro  "4*  m  so 

_|  <H 'M  r-t  r-4  <-(  rH 


ou  oooooooooooooooo 

<  oooooooooooooooo 

»-u_  oooooooooooooooo 

UJ 


>-     0<^0^>-^0>Ofnf^'-«>tQO(\l— i>t  coo 

u-8*  00  0^000^0"— 4  oo<-ioo«-(  r^-oDO^  00 

LU 


a: 

LU 

CO 
< 

X 

u 


< 


UJ 


a: 

o 

O 

UJ 


:z 

<  I 
as: 


0>d"CDo>rorvjr<'ivOf*-Of^xu^r-^o 
rgrsi.-l<HC^C^0^C^O"-^>-^>-^^~^-^*^• 

vj- N^  >t  4* '— t  ^  — *  ■-' LTi  iT'.  in 'J^  LT*  t^Mr^  u*\ 
oooooooooooooooo 

oooooooooooooooo 


-js:      ••• *....• 

OC3    o<£)Lf\(Mf\ioo^mr*'-^fsjfn(\jmurio 

2r^      Q^  JN  O  0^  <7»  (7>  ^  I3^  <7*  C>  (7^  O  O*  (7*  ^  C7* 


u,  coco<NfMoooino--0'-*(\i(Nooooc^a* 

u.—  ••••••••*••••••• 

►-•S"?  h-r^iTsO^rvi.-iOpH.OvJ-mtnsO^—i'-t 

^•v  •..•..••......I. 

►-•s;  0000rnO0(\j00-Hf-iO00O 

oo  oooooooooooooooo 

Zbii      • • •  • 

w  oooooooooooooooo 

s—     •• • 

<o  a*ooo-^-HOoo*c7^coco«MjfM^tn 

uj—  oooooooooooooooo 

0.0  •••••••••••••••• 

<.-,  vO>J-^t  ^OCMOOfMOoOCOOroOOrO 

l-O   • 

xo 


Ln  <N  f^  r~  sO  ro  ^c  cC' o  ro  o  f\j  o '^  r^  ro 

5:-*  'X)a^r^^-^J•^*•NJ■^^r^^-ooa>>^^i•mro 

•dx  oooooooooooooooo 

—  oooooooooooooooo 

<_;—  >JDi7~0'X)>^un^XLr\^f\jrOOro.-^C^ 

l^CC         • •••• 

U.O  vtlnLr^u^c^oc>o^•vO(7>oo^r^>*■^o^t 

u-O  -OvO'^Dvor-aor^oointnLniALnuMrMfi 

>- 

O— .  OOroro— ^rsJr^Orr|^r>-»0^tf'>t'Oco 

u_oo  -0ON0Of^^-r^^-iritnirMntriLfMr\Lr» 

UJ«i^ 

> 

i-tUJ  •••••••••••••••• 

U.X  iriufMnLnmLninrooo'»c>^-r*-P-f^ 

UJ  — 

>- 

O^  Oroo^— (OO(^r^-H>ta0fM— <-.^COsO 

h-ia.       ••••••.• 

u_x  coc^coo^c^'^oo-^oO'-•^~Qoc^co 

u_uj  vOovOvoi^coocoovOsOsOOinuMALn 

!iJ.^ 

in  tn  LA  in  UMTS  uMniTN  in  Lo  tTMniTi  u'Mn 

u.  •••••••••••••••• 

OOOOOOOOOOOOOOOO 

s  >*■>J'mfn^*^:^oo-^-^oo^^.^.^^^- 

j— .  >i■^^•^r-<^J^or-^ooo^->oo^J^^o 

rso      • •  • 

3: 
o 

(•5 
31-C ••....• 

X—  r*-r>-r*-r^^-a3ccLO^aOf\jocoopcoQO 

i^i-^      •• 

t/io  r*-oocooc^c^ooo>-h-sOinsOiAvOvO 


3         »-»r\|rri>tir>vOf^coChOrH^r0^tin>o 


QC 


—<  (NJ  rO  <f"  in  vO  1^ '^  CT>  O  f-*  <NJ  f  ■'^  "^  LfN  >o 


98 


ou  oooooooooooooooo 

<  oooooooooooooooo 

XOC    • ••••••••• 

HU-  oooooooooooooooo 

UJ 


UJ 


oooo>}-oooa^c^ocosOfvj>or-to 

(^  O  O  vO  (N  >0  CO  CM  n  r*  m  (NJ  CM  LA  vO  o 

r»  re  00  f^  ^-^- vO  r^  sO  ^  >o  vO  in  in  in  >c 


a: 

UJ 

00 

< 

I 
u 


< 


UJ 


QT-O 
<   I 

xa 

00 


oc? 


OOOOOOOOOOOOOOOO 

>}•  >^  >4- 00  cNj  o  CM  in  o .-( ro  ^  os)  o  r^  >o 
O  O  O  o  <\J  IN  fM  r-t  rn  ro  CO  fO  ir\  ir\  st  >t 
oooooooooooooooo 

OOOOOOOOOOOOOOOO 


rg -H  CM  .H  ro -d"  wD  r- ^0  >^  ■4' o  rH  irv  CO  f-^ 

o^  o^  (7>  .^  ^  o  o^  o^  o  00  "H  ON  r*  r>«- ^- 00 


LL  oooooooooooooooo 

U-<-»       ••• ••«.•• 

►x^*  ^-coooin'j'rnf-QOrnfVP^r-oooc^O" 

Qw  fSj(\jfsJ(MrN4fSJ(N«N<NjrvJ<M(N|PO«M<N)(M 

OLO  >t>4->^roir\ir»a^o^Lf>mfnaoo^oir\ 

Z>v  ••#••••••••••••1 

»— S  -Hi-i.H0000i-i000iH00>-4»-t 

3:— 

—  inuMryrsiOOfOirxNuOtNisOOOOO 
►-to  rvi(M<NjO'4->iT0MO(MOf*^-t«t''*>t 

QO  OOOOOOOOOOOOOOOO 

SlJii         •••..• 

—  OOOOOOOOOOOOOOOO 

2;  ^f-i.-^r^N0»4T0O^«O-^— <NOOror^^ 

•■o  o^c^o^tr\<7>o^^-c^Of<^^o^•oooo 

t_w  rsjrsir>JfO^«^>trO\OinsOir\%00>0<0 

CO  rnrnrocom'4-'^o«^coinsO>*'OLf\fo 

S-*      .••••••••• 

<o  ooofM(^(r)Oomoro50ifMf\>0'0 

•»-'  nrOfOP'^rornrOfornPOrOrsjpsicNicgfM 


Lu—    oooooooooooooooo 
Ouj     urMAintfMr>LfMriLf>intfMfMriinminm 


ro  fTi  m  ^jTorrrn  LH  fM  vo  u^  »o  o  r- >o -^  ro 

s:— '  rH.-(— *(Mr*-mr-oir\NOcorsioo>ora(N 

eio.  ooOO^f-<^-lfH^g(\|(\|^r)^t•d'^t■4• 

■six  OOOOOOOOOOOOOOOO 

Q.LU  •••••••••••••••• 

— '  OOOOOOOOOOOOOOOO 

I  I  I 

>- 

<_)«  ^or^fOOC^'-^^Ol-HO^<^J^4•OU'^fnnc^J 

•-^ct:  •••••••••••••••• 

U.O  o-^^-^voOlnoofootA-^(^JC^f^^f  C^ 

u-o  coa^co^-^-r*>o^->o^o.o>o^tuMnlf^ 

>• 

o— '  roro(rivor^ooo(NiOf-<'-<fO(^mf\iQO 

►-o  .•••••..•••••••• 

u-H-  l-^,-4rHO^(^Jf^c^J^ococo^-Lf^vO^-v^o^ 

u.(/^  <x>coQor^h-h-r-h-vOOvo>oif\ifMrMjr> 

o— .  u^^f'4•^o^-r-oo^-^^-c^oooo>o 

U-X  OOO(7^r0>t<^^O0^00lAC'!>~<O 

LLh-  a^oooo^»^*^•^•^•^*^O^o^o^Jf^u^^o^O 

UJ  — 

> 

0«  0000<4'OOOC><7»OOO^OrsJ>0'^0 

u_x  o>ooo<\i-ooof\imr— fXNjrgin^oo 

liuj  r*- CO  00  r*  ^-^-^o^-vO^«o>o  in  uMr»>o 

Ujw 

in  in  in  in  mm  in  in  in  in  m  mm  m  in  in 

q;  Qxgscr»oc7N0N^  o^CT^CT*^CT*cy*<7'^ff* 

u.  ••••#••••••••••• 

oooooooooooooooo 


5  >tfO'>t'<\injmr>-r-4-^i«-omcy«*^r*''t' 

j-»  fM^Jf^JfHPO^^«^'*'CMfO>*"^'m-o^o«> 

oo  ••••••••»••••••• 

ai 

00 

^  ooooosO>0'^m-<oooor*FHm>t- 


o 
o 

UJ 


<-.  ooomommmmmmomooo 

KO  ................ 

UJuu  m^*vOfM>O^O^JOoOf-^(^mrr^(^JOoo 

XQ  c\j«N<N                       -t         fMrg(Ni,H 


>-         ^o^^r^O— i«?fM-^>tro(NvOOr«j<:T> 
t/)0     coaOQO<\jfnfnQOOornorO>0'-<^i^fM 


O 

o 


2" 


rHpgc^  «t  m>o  f»-ao  o>o -H(\j  ro^  m-0 


z 

a: 


— « eg  fn -*  m -o  h- 00  0^  o -^ 'N  po  •4"  m  v© 


99 


jnmnaimTnftfgffinni 


< 
1.0C 


oooooooooooooooo 
CvJ  fvl  c\j  fsj  <N  <\J  PvJ  fvj  (V  {\i  CO  <\J  (M  ^4  fsi  rg 

•  ••••••••••••I** 

oooooooooooooooo 


uu 


fo  00  0^  rn  (T)  o  f\j  ro  iTi  o  (N)  o  00  o  r^  .-I 

^  ei  m  a- o  o  o  o  in  o^  irnf\  CT»  (M  mm 
«o  iTN  >o  in  f^  r«- r*"  h- f*- ^•  r- h- m  >*■  >t^  %4- 


a: 

UJ 
CO 

< 

X 

o 


>• 


< 
lU 


00 


o 

K 

o 

UJ 

-J 
—I 
o 
o 


3 

ecu 
<  I 
ax 
xa 


00  ^i•  o  o  0^  nj  o  cNj  in  r*- 00  00  >o  m  00  >o 
ro  fo  m  fO  fo  cM(N)  — 1  in  >t  >4- >t  fo -H  f-i  .iii^ 
uMninLnfnf<^romiHf-if^i-HooooxQo 
oooooooooooooooo 


•    •    •    •    • 


oooooooooooooooo 


oo  >4-o>in>j-«4''-^fMr-(r^oo-^r-oor«-!T' 

i/>«/)  oOiHfrtOinro^tO^O^HOmtnfOfM 

Z'v.  oooooooocrooooooo 

u.  ro>oo^>tr*»>t'«or*oor'fOh-oa>moo 

u.««     •• •••••• 

»-<w  fOfOro-4'!rMnijninir>mininoo-4CM 

oio  oO'Ooor-a'Oooa>'^<-ir*orgOooro 

Z"V   ••# ••••■••• 

•-•s  ooooo.HOomin^infM(NF-4i-i 
3:  — 


-»  l-^^t^JrM^lna^c^^^4(^romLnfM^-^f 

h-to  mininmLnininininuninsa-inLnirMn 

ov.  fororOfOroropnromrririPOrOf^fOfO 

OO  oooooooooooooooo 

•-  oooooooooooooooo 

z  Lninroa^o.-4^m»o(T'vO«oinoooDO 

••O  a30>O^OO^O^O^OCOO>0^'-trH»^<-H 

>-—  st + ^  in  fN  (N  rg  !\jfH '-4-^1-4  coco  CO  fo 

to  «^<0Nto>*OCT>N0O(\iinr«"Oor\jin 

s:<-«     •• •••••.. 

<0  rHOOOOOO.-4CM7Na><>r\Jt-lOO 

•"-  I  I  I      I                      III 

UJ-»  OOOOOOOOOOOOOOOO 

CLO  !•••••• 

OUJ  OOOOOOOOOOOOOOOO 

^O  ^vOsO'-0-0>0>OvO»0»0*OvO>0>0-0>0 
00  — 

<— .  i-4  00r-i!»*^>}'h-^.(r>rrir>-r^>f  str*- 

l—o      •••••• •• 

UJUJ  co>t>^oor*-frirnr*f*-rOpn^-f-rnrof*» 

xo 


o       f-injfn^invor-oo<7'o^ojro-4'm«o 


^-^-Of^Jfo^-soa^^-sOOoO'^a^•-(a^ 

s^  o^o>a^a>a*r^h->ooa»oc^-^ooo»co 

(XO.  ^J••J'^t■»t^^Jf^4(M^^Jp-^O'-^O00^-^•^- 

<X  OOOOOOOOOOOOOOOO 

aOJ    •••!••••• at 

—  OOOOOOOOOOOOOOOO 

O"**  •4''^i-if^inin»tr^mCT^i-(Orommr» 

u-o  c^^ta^^^-^-^-^lnoolnln<ooo^c^ 

ULO  uMninir\sO'00<Of^r-r*r^rrtfOfOrn 

LUw 

> 

o—  cooO(N'^r*'inNOOO«rf-rn'4'^(N-^rvj 

t-<0  •••••••••••••••• 

u-K  lnln^o^o^•^•®lnsO>o^o^•c^o^c* 

u-to  minirMn%o>0'0'Of*'r*-r*h-foror)(^ 

>• 

o—  f*»fsjo^ifv'-^-*^oin>tf0  4'Crfor^ 

i->UJ  •••••••••••••••• 

U_X  0^-(l-lr-lC^OOO^O>JO«0^0— IfVjfOvt 

LU  — 

>- 

0«^  rocoo^rnroorgpomorsioooor---* 

U.X  >t^fn<^oooOlnff^lrnno^r^|f*>m 

lluj  «iOinNOinr*-r»r*r*N'r*r>-r^fr)>d'>^>t 

LU— ' 

in  in  mm  in  in  Ln  in  >t  •* 'i' «t 't '^  "^  "^ 

LL  •••••••••••«•••• 

OOOOOOOOOOOOOOOO 

5  QoocomvOomsOoO'OmvO'*"^'^^- 

-J-»  ■^■^>t'>jTxi>ti'OrO>OOvO>0'-<OOco 

I  Nt>t'4'^4'>j"st>t«t»t't'*"mmm<* 

s: 

o 

(/> 

v»  ^-o^-^^-Htn^"-^-^r-(^o^*'H^nm^o 

:*s  •....•...•..#•.. 

X—  QOoocococ^c^coc^mmm>t^fO(^JO 

>-  a^oo■-nomo^-oomf<^oo^o^-r^f^f^n 

^-.      ••••••• •••• 

ooo  m>t>t»^>^>*'fM'-^-j«-ioo^om>*TO 

I    I    I    I    I   I    I   I    I    I    I   I    t   I    I   t 

r>  .H<Niro>tm>or*aooor-if\jfo«tmNO 


100 


I 


<    irtini/MninifMrMnuMnifMfMrMnLfMri 
Xcx      ••••  ••••#••••••• 

KU-    oooooooooooooooo 


O— '        •••• 

IL*P    r»f^»oooir>(\jO^>0(\jroiriCMnoo^o 

UJ 


Doo 

ZX. 

H-s: 

:x— 

z 

^^ 

*M 

h-oo 

< 

o-^ 

-J 

oo 

Qi 

:Ejii 

UJ 

*•• 

CO 

X. 

< 

z 

X 

HH«« 

u 

•u 

H- ' 

o 

•> 

>- 

CO 

H 

s« 

t^ 

<o 

U 

t»<»» 

*~i 

K 

o 

< 

u. 

UJ-* 

ao 

H 

OLU 

tn 

JQ 

LU 

to*- 

H» 

oc 

<-» 

a 

h-O 

K- 

ujuj 

o 

XQ 

UJ 

H— • 

^ 

^ 

o 

z 

o 

3 

cc 

3:  ooo^i-t^O'>t'(\!vO'^<M.-iir\i-t(Nif*-co 

qco  <Nj<\j(M<MroromromirMAir\vO»ouMn 

< I  oooooooooooooooo 

as"      ..••.. 

xo  oooooooooooooooo 


00  r»-ro(vj<?'Ofnf^LOO.-i(\jt\i,^ooo^xO 

ooco  >OOOh«rOCsl^roO>tr^<!<N>t  0<}r<^ 

Z'v  OOOOOOOOOOOOOOOO 

u.  ocooo^.^oooooo^-.-^^orMC^m«4' 

u.-«  •••••••••••••••• 

t-Hftf  iri,-tropsjr*-'J3f>-r»-QOh«ooooh-or».f*- 


rvj  fH  o  ^  fo  c^  <^  00  fo  o  "t  sf  r>  >o  0^  in 
CM  fo  fo  ro  •-«  o  o  i-M  iH  .^  in  m  t-(  m  »t  <)" 


ooooro  o*f-<oooh- vtfMino-^ro  st 
a>  r- m  00  in  <J3  vo  in  >t -^  «^  po -^  (M  ro  .-I 
rn  fO  m  ro  ro  fo  ro  ro  ro  n  n  m  ro  po  ro  rn 
oooooooooooooooo 


—    oooooooooooooooo 


r^  Nt  o  ■*  (^  00  ^•  in  33  fo  o  (Ni  *t  fo  o^  «o 

CO  cr  00  00  n  fsj  >t  po  fM  in  >o  f\i  o>  — <  ro  CO 
fsi  <\j  CM  fM -^ -^  ^^  sf  in  inin  in  >o  h- o  vO 


<vj  h- po  ro  c^ro  fo  m  "O  r- o  m 'Vf  o  f<>  CO 
c^o^oof<^(^fnf^Jfn'tln^nl>ooo 


in  in  in  in  inin  in  in  in  in  in  in  in  in  m  in 
in  in  in  in  inin  in  in  in  in  LHin  in  in  in  in 


,t  >t  sO -H  coh- ro  00  (Nj  O  o  fO  ro  f-4  CO  rsi 
.Hinh*^^  r-Hmh-m(vj>ot^pOc\)%o  sOf^ 


^fvj  po 't  mo  ^- 00  ff>  o  ^  IN  po  >t  in  *o 


Q.UJ 


fo  pvj  ^ -vt  PM  ro  pn  CO  n  fM  o  0* -o  sf  f-^  CO 
CO  03  r- r^  a*  00  o  o  r«-N»  CO  in  h- h- o  in 
,-» rH  p_i -H  (M  (Nj  f 'O  fo  >t  >i' ^  ^  in  in  in  in 
oooooooooooooooo 


•-  oooooooooooooooo 


> 

U.O 

u,o 

UJw 

> 

t-tO 

a.1- 

ULoO 
UJ— 

>- 
u— 

t~iUU 
U.X 
U-h- 
lJJ«-» 

>• 

o-~ 

UUX 
LLLU 


u. 


a 
x<- 

B 


>• 
l/)0 


z 

oc 


CO  IT' r^  in  CO  ro  CO  ro  r- n  o  0^  c^  CO  o  f\j 

00  h- h»  Cr  «*•  f-t  p«- vO  (^  >t  P*- O  fS)  O  »^  f\j 

^o  <o  >o  vO  o  f*- >o  *o  >*'in  in  sO  •<f' m  o  in 


po  ro  (^  r^  N.  fNj  rsj  0^  <-<  r-4  K  o  ^  m  in  vf 

oj  rvj  PS)  pvj  \0  ^- •*  in  r*  r- «o  ^- fH  »^  in  psj 
r*- r*- r- r*  <o  >o  vo  >o  mm  m  in  in  in  in  in 


oo>tmcooocoom>tpp^OfM(MCT»Oi-i 

— <  ^  fH  i~»  h~ -TO  00  nO  IT' "O  m  «o  >^  O  «4"  f-! 
r*  r*.  r«  r*- »£)  nO  >o  »o  m  in  m  in  in  in  in  in 


CO  o  m  »o  i>  o  >o  c^  o  >t  m  f\jr^  PM  <<r  00 
••••••■••••t*«t* 

h- r* -o  00  in  Psj  a*  *o  CM  fo  m  o*  in  o  o*  o 
vO  >o  ^ '«o  vo  r*- >o  «o  m  in  m  in  ^  Tiin  in 


ro  ro  pn  po  po  m  ro  PO  PO  fvj  fM  PM  fO  rg  rg  rvj 
o^  (js  <^  CT^  a»  c^  c^  o^  0^  o>  c^  0^  (T  {>  0^  c^ 

•  #•••••••••!•••• 

oooooooooooooooo 


fH  m  <7»  fM  m  fN  ^  h- CO  pP)  00  (vj  CO  o  00  CO 
»o  r>>  r*- h*  in 't -t  O  ^  nj  po  rn  r«- rn  rp>(r> 

"*  xt '4' "t 't '*■  •*  vf  »t  m  m  m  ^  in  m  in 


•-<  in  >t  m  >o  <^  ^  in  »jd  o*  cN  (\»  >o -^  f*^  00 
^t^*•c^^•oc^o*fMOO  ,0  vOOa*»t  CM 

>~lr-4i>4rH<H  t-*<-tCM(NJCs|i-«iHfM  CM 


fnj3r*>r*'f^mm»^om-<h-OrHr-o 
••■•••••••••••■t 

F-i  o  o*  0^  <h  in  in  <o  c^  f*"  r>»  N©  r-t  o  c^  c^ 

^rH   I     t     I     I     I     I  fH>H»H.-<'H^  I     I 
II  11     I     t     II 


»-4  CM  ret  >t  in  >0  r*  CO  0^0 -^  (\j  pp>  >t  m  %o 


101 


CJ50  oooooooooooooooo 

<t  oooooooooooooooo 

Xa:       •...•..•# 

h-U.  oooooooooooooooo 


O'*       • •.,.... 


<r  I 

CL's: 


OOOCOOOOOOOO-)OCO 

oooooooooooooooo 


(JJ 
CO 

< 

X 

o 


a: 


< 

a. 


00 

UJ 


o 

UJ 


O 


CO     o<tc^t^J(Mnf<^OvO'^oO'-J.-^X!!^ 
2!>.    c^oo^c^oooooooooooo 


Lu  oooomnrorooooooooo 

U.-»         •••• t» 

H-j-f  -;f«j-^st-vOO^O<5r\|CNjr\jc\JOOOO 

Ooo  0>*'0<NjrO-^."0'N^-«OOOOOCOOr» 
3— 


0*«v  rnrrmromro>"^rT«^rnmrO-rifr\mrn 

OO  OOOOOOOOOOOOOOOO 

s.^      •  • • 

~-  OOOOOOOOOOOOOOOO 

z:  o^f-HPninooocjo -oo^OfsjifMnio 

K"—  fMrMfxJJNivO  >0v0v0nr0irirococx3coco 

2  — ^o^inmcofOOrocof^aomO'H.-H 

<o  ^o-'-'C^a^c^oc^c^oo^-^s.r«-co 

liJ-.  OOOOOOOOOOOOOOOO 

Q.O  act*.  ••••«•••••• 

\-'J:>      .  .  .  .  • •..«.. 

1 — ■ 

ID  i-^sMfO>^'-n^r«.co{>o— (csjfn^tinvO 


<?"  o  o  st  r^  f>~  .-H  m  CO  >*•  rj -^  (vi  f»- fpi  fO 

2:—  vOr^-r^r-o^o^oooo^crcDoooa* 

(xo.  oooo'j-«^^^-^'-tr-ir-(Oin-oiri 

<IX  OOOOOOOOOOOOOOOO 

CLIxJ  ••!•••,    •••••t«i* 

w  OOOOOOOOOOOOOOOO 

>- 

(_)— '  i.r\>£>>fr*fn^-orgcMLrimxir\pnNt'^ 

t-<ct:  •••••••••••••••• 

LU  — 

>- 

u_oo  h-r^r^t*-ir\iriir\ir>r*-r^r^r»--^tn«tir> 

LU  — 

>- 

llx  r*h-t^f*-cof^oof^o-^— to  o—'WO 

> 

0-»  >^r\j3)(MOa*r^rnO<Noo^f  f*^°0^ro 

'-•a.  •••••••#•••••••• 

u-x  r^-Nt^-QOr-^ooo^f  ■>*-fO>tooo^-^ 

UJ  — 

OOOOOOOOOOOOOOOO 

:  t^or-Ln<NJcr'<Njooo>^aor^nfV'HvO 

»j.i-.  >ooo<»coc^vO{^'-^^<°lOOfnc*fM^••4• 

r>o  •••••••••••••••• 

o 

>s  c^(\i'-''-»'>or\j>Oi-t<N>j»c^inr*»ino^O 

3C3:       ...•.•.... 

X—  o>o^omOvoo«t'-^c^O(^^-(^JO^o 

>.  inrvjOO-^co-^.-H<T'sOrOO-«in!\liN 

ir*:-*      •• • 

ooo  LninvOo^f-<'-HO<MrO't'^OoO'H 

I    I    I    I 

•z. 

o  F^fsi(<>»t'f^or^cxjo>o»Hfsir0  4'mNO 


02 


CDO  oooooooooooooooo 

Xq:      

H-uu  oooooooooooooooo 

UJ 


>  oo^o.-ivC^ooc^«Ovor»-f<iocx)-^ro 

U-'        •• 

ULB^  C0C0CC<T>C0  0^OC^0>C^a^C^-^.-<rsJ(\| 

OJ 


Qi 
UJ 

X 

o 


< 


LU 


a: 
o 

O 

UJ 


"X  OOOvl-'^^f0OC>»^>l-C^a0X)O>^ 

(Xo  -^— ^.-^f-^mmfn^Olr^u^l^^Lf^^-^-^-^- 
<r   I  OOOOOOOOOOOOOOOO 

CL5:      

xo  OOOOOOOOOOOOOOOO 

_J5-         •••. • • 

Oo  (Mror^v/5'Mr-<\OP^Ln!^oc^r*-irMJfMo 

^■V  OOOOOOOOOOOOOOOO 

U.  CX3P>-OC0C^Q0  00in-JmiA-Hin0>OO 

t-ifr*  ooo<?>a>o*o»o<^^<\t(Moc^crx 

Ooo  cofsi<?'rgcoo>roooa*rnoO'-icosf" 

^>s  • •     •     • 

H- isr  OfH— <r-4  0-^i— (<— to— It— if-<0"-«0i-< 
3:^ 


-*  urMnmi/>o^o^crcMrnnufMAOooo 

QC5  oooooooooooooooo 

s'v:   .  .  .  • 

w  oooooooooooooooo 

2  r*•vO^^-'H(^Jmf<^m■4"fO<^oc^oooo 

•—<»«  •••••••••••••••• 

►o  f^Jt^J{^Jr\J^-^*^-^.lnlnlr^lr^^*•sJ->4••4• 

CO  ■>t-^t\!a^COO'4'(N4fMrOOO'>Oa3'X)a» 

z:<^  ••••• 

<0  «M^f-Hfvj<>Orvj.rOCOno<7>OQOOOOO 

OJ— .  OOOOOOOOOOOOOOOO 

ao      •• 

-JO  >!f^-^>t-^<f>t^-4--J'<f-<f>t>t-t-4' 

<-«  vO'r>iriro^tnoO'\j>5i-i<*"-np^r>-p>-o 

h-O      ••• 

Luuj  o^Oroh-rMcX)LnoN<\jf>HOO^-<aOvO(7» 

XO  t-H                    rH                     r-l                     t-t 


S"—.  oooo^mmfM^irMTirommfMoo 

(xCl  i-if--<rHOcoc<imromLnLniriP<-f^r«.r- 

<rx  oooooooooooooooo 

O.ULJ  ••••••••••••t**« 

w  OOOOOOOOOOOOOOOO 

V 

u—  r-vji^f-Ha^r*-— •(M^-AvOO'-tLnfMCMO^r'- 
^-'Q:  •  •••(••••••••••• 

>- 

0-»  O(7>Of«*N0fnc^(Niinf^c0ONj-.-^rnrri 

►-•Q        • • 

u.c>n  ^-•r*^»^^o^JDvO  oa^L^^^\lJf^«^^^<f-*' 
UJ— 
•-•UJ  ••••••••••••#••• 

•—•a.  •••••••••••••••• 

LLX  00a0C00^C0(7^O^CT>Ch0^a»f-<-^.'M(M 

^t  >t  ^  >t -^  Nt  >t  >^  ■<^  sf"  CO  ro  ^4- m -t  ^ 

ot:  C7^c^cr^c^a>c^c^c^c^o■•oc^c^c^<^o^ 

u.  ••••• •#•• 

OOOOOOOOOOOOOOOO 

E  vOcorn-oo^-o^oo^n^JrlsOO^O'^ 

_j—  (r)^;^^o>t^vO«^-o^-ap-^c^coocOl-t 

z>o      •  •  • ....•• 

I  >t  «t  •+ >*•>!•  >t  >t>t-t--ti.f^**"«t  in  >*■  in 

s: 

cy 

I/? 

>s  ^-^oc^fn^•mom^mc^^o^-c^^'0 

3:3:      •  •  • • 

X—  300(MOa^o^^c^C^C^c^iOa^c^<0'-^ 

8  i~lf-<i— I                f-»                       r-4r-4                       r^ 

>-  OM^sOOsOfMrOLn^J-i.nsO'M-^fMO^i 

i^i-*      • • 

too  iniriinoorO''nr*'CO--ii-<rnm'-«rv4T>'r^ 


o 
o 


3 


--<  CM  fO  >4"  in  sO  f^  <X)  Ch  O -H  f\j  ro  «^  in  •^ 


2: 

a: 


-<  rvi  m  >t  "^  >>o  p*  03  a*  o -4  tNj  m  st  m  so 


03 


Appendix  C 


Analytical  Relationships  Used  in  the  Collector 
Model  for  Analyzing  the  Effect  of  Environmental  Conditions 


NOMENCLATURE 


A  =  net  collector  area 

Ag  =  edge  area 

c   =  specific  heat 

D  =  outside  diameter 

D  =  hydraulic  diameter 

F  =  fin  efficiency 

F'  =  collector  efficiency  factor 

Ftj  =  flow  factor 

G  =  transfer  fluid  mass  flow  per  unit  collector  area 

h   =  film  conductance 

I  =  total  solar  radiation  measured  in  the  collector  plane 

k  =  thermal  conductivity 

K  =  length  extinction  coefficient 

L  =  collector  length,  thickness 

m  =  parameter  (equation  34) 

n   =  index  of  refraction 

n^   =  no.  flow  tubes 

Nu  =  Nusselt  No. 

P^  =  perimeter  around  fluid  passageway 

Pr  =  Prandtl  No. 

Q  =  useful  energy 
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Ra  =  Raleigh  No. 

Re  =  Reynolds  No.,  based  on  D 

T  =  temperature 

U  =  thermal  conductance 


V  =  wind  speed 


W  =  distance  between  flow  tubes 

a  =   absorptance 

e  =  emittance 

r\  =   efficiency,  diffuse  fraction 

9,  Go  =  angle  between  surface  normal  and  beam  radiation 

p  =  reflectance 

a  =   Stefan-Boltzmann  Constant 

T  =  transmittance 

Subscripts 

a  air,  ambient 

b  back  side,  beam 

c,  cl,  c2  cover,  no.  1  =  inside 

ca  cover  to  ambient 

d  diffuse 

e  effective,  edge 

f  transfer  fluid 

fi  fluid  inlet 

i  long  wavelength  diffuse,  back  insulation 

j  cover  no. 

L  overall  loss 
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o  fluid-to-ambient  loss 

p  absorber  plate 

pc  plate-to-cover  1 

m  mean 

r  radiation 

s  solar  wavelength  specular  property,  sky 

T  top  loss 

a  considering  absorptance  only 

12  cover  1  to  cover  2 

11,1  two  components  of  polarization 

The  collector  efficiency  is  given  by 

Q 

n  =  -^ —  X  100%  (1) 

I  A 
c 

where  I  is  the  total  solar  radiation  on  the  (outer)  surface  of  the  cover  as 
measured  by  a  pyranometer  in  the  same  plane.   The  useful  heat  transfer  is 
given  by 

Qu  =  W   ((-°)e  ^  -  UL^Tfi  -  T^))  (2) 

A  summary  of  the  relationships  which  lead  to  expressions  for  U-r  ,  (Ta)g  and 
Ft,  follow.   The  developments  are  essentially  from  reference  [61.   Reference 
[13]  was  used  in  developing  the  expressions  for  optical  properties.   Heat 
transfer  correlations  for  internal  flow  and  natural  convection  are  from 
references  [19]  and  [20]  respectively.   Expressions  for  the  properties  of 
air  were  taken  from  reference  [21]. 

The  expressions  are  listed  for  analyzing  the  two-cover  collector.   A 
brief  discussion  of  the  changes  required  to  analyze  the  single  cover  system 
follows  the  list  of  equations. 

The  expression  for  the  loss  coefficient  is  developed  from 
^i 

Ub  =  r-  ^^^ 

^i 
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Ue=^^  (4) 


e      c 


h^  =    {5.7  +  3.8[V^,m/s]}   W/(m2-°C)  (5) 

T     =    [0.0552   (Ta/°K)^*^]°K  (6) 


o[T^      +  T^    1    [T        +  T      1  .^. 

,     __   _  pm  cl pm  cl  W; 


'-VC   -  1/ep  +  1/c^,  -  1 


hp^  =  Nu(Ra)    [k^/LpJ  (8) 

Upc  =  \pc  +  V  ^^^ 

a[T^      +  T^    ]    [T        +  T      ] 

u  cl  c2  cl  c2  /'1^^ 

^-^"  =  1/.,,  ^  l/c,,  -  1  <"> 

h3^2  =  Nu(Ra)    [^fiJ'L-^2^  (11) 

Ul2  =  h^l2  +  ^12  (12) 

Va  =   ^2^[T^2-^^/^^c2-Tal  (13) 

Tel  =  V  "    ^"T/Upcl    t  V  "  "^a^  (16) 

Tc2  =  V  "  Ultl/Upc  +  I/U12]    t V  -  ^al  (17) 
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iiiaii»iiiiiinnifmi«i«nnini»ii 


Finally 


Ul  =   Ub  +   U3   +   Ut  +  TiiT  .2epa[T^p^  -   T^]/[Tp^  -   Tj  (18) 


The  effective   transmittance-absorptance  development   is 

e2^-j   =  arc   sin   (sin   (e)/n^)    ;    j    =  1,2  (19) 

2 
_  sin   (9  2  -  e)  (20) 

sin^(e     +  e) 

2 
tan   (62   -  0)  .  (2i) 

Pl»J   ~     ^ 

tan^(0      +  e) 

Ml,j   =    H   -PM,jj'/[l   --aSjpfUjJ  (22) 


^as,j   =  ^^P   (-Lc,jKj/cos  62)  (24) 


■^s,j   =  -^as,:    [^11, j  +M,j]/2  (25) 


-Ml,j^^  -"-^asjtl  -  2pn^.]}  (26) 

llc,j  ^  2  2 

^  "■^asJPlUj 

Pl,j{l  +  -as,j[l  -   2P1,J]}  (27) 

Picj 2 2 

1    -    T  Q       . 


Pp.  i 


,j   =    fp||c,j   +Pic,jJ/2 


(28) 


■rsl2  =  "^sl  "^32/^1   "  Pel  Pc2^  (29) 

Pcl2   =  Pel  +  Pc2'^sl/tl   "  PclPc2^  (^°^ 

Tr/2 

^sd  =       J   Tg    (e)    sin    (29)    d0  (31) 

o 
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where  t  (0)  is  given  by  equation  (25)  or  (29)  for  1  or  2  covers,  respectively, 


xa)  =  %  ^^^  "  "^d^  ^sl2  +  ^d  ^sd.l2} 


1  -  [1  -  ap]p^i2(60°) 


(32) 


Finally, 


(xa)^  =    (xa)  +  X32[l  "   x^^^J    [1   -  Up^/UpJ    + 
tl   -   ^as,2Hl    -   Up3    [1/Up^  +  1/Ui2]} 


(33) 


The  expression  for  F^  is  developed  from 


m 


=  (U^/lkL  ]) 


1/2 


F  =  sinh  (m[W-D]/2)/{cosh  (m[W-D] /2)m[W-D] /2} 


(34) 
(35) 


0.0668  [RePrD  /L] 
Nuf(RePrDe/L)  =  3.66  +  ^ 


1  +  0.04  (RePrDg/L)^/^ 


hf  =  NUf[kf/Dg] 
Uq  =  {W[1/{Ul[D  +  F(W  -  D)]}  +  l/[Pi  hf]}"l 


(37) 
(38) 


F'  =  U^/Ul 


(39) 


^R  "  tG  c  /U^]  {1  -  exp  (-F'Ul/[G  c  ])} 


(40) 


Since  the  calculations  proceed  in  an  iterative  fashion,  the  following 
expressions  are  used  to  converge  the  plate  and  fluid  temperatures. 


Tpm  =  Tf^+  Q^Pihf/[Lnt] 


(41) 
(42) 
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For  collector  No.  2  with  a  single  cover,  equations  (10-12)  and  (17) 
were  not  used.   The  subscript  "c2"  in  equation  (13)  was  replaced  with 
"cl",  1/Ut2  "^^  deleted  in  equation  (15)  and  t^2  ^^s  deleted  from  equation 
(18).   In  a  similar  fashion,  j  =  1  in  the  (xa)   development;  equations  (29) 
and  (30)  were  not  used;  the  2's  were  deleted  from  the  subscripts  in  equa- 
tion (32);  the  last  term  and  Tg2  were  deleted  from  equation  (3);  and,  finally, 
the  fin  efficiency,  equation  (35),  was  essentially  unity. 

The  order  of  progression  of  computation  using  a  digital  computer  for 
this  model  is  described.   The  environmental  conditions,  operating  conditions, 
collector  dimensions,  heat  transfer  properties,  and  other  quantities  shown 
in  Table  Cl  must  be  specified  to  calculate  efficiency.   The  computational 
procedure  uses  several  iterative  loops  to  handle  the  nonlinear  dependence 
of  Ut  on  temperature.   Equations  (3-6)  and  (19-32)  are  solved.   Equation 
(31)  is  integrated  numerically  using  a  trapezoidal  scheme.   For  a  specified 
inlet  temperature,  a  trial  value  several  degrees  higher  is  assumed  for  the 
mean  plate  temperature.   The  cover  temperatures  are  calculated  from  equations 
(16)  and  (17)  for  the  assumed  mean  plate  temperature  until  the  former  con- 
verge within  0.5  °C.   A  top-loss  coefficient  is  determined  from  equation  (15) 
for  the  trial  plate  temperature.   Equations  (18)  and  (33-35)  are  next  solved. 
The  mean  fluid  temperature  is  assumed  initially  as  the  plate  temperature  to 
determine  fluid  properties  and  the  convection  heat  transfer  coefficient 
using  equations  (36)  and  (37).   The  collector  efficiency  factor  and  heat 
removal  factor  are  calculated  from  equations  (38-40).   The  useful  heat  transfer 
is  next  determined  from  equation  (2)  and  subsequently  used  in  equation  (41) 
to  check  the  assumed  mean  fluid  temperatures.   The  calculations  are  repeated 
using  the  updated  fluid  temperatures  until  convergence  within  0.5  °C  is  ob- 
tained.  The  mean  plate  temperature  is  then  calculated  from  equation  (42) 
and  compared  with  the  assumed  value.   The  calculations  starting  with  equa- 
tion (16)  are  repeated  until  the  plate  mean  temperature  converges  to  within 
0.5  °C.   Finally,  the  collector  efficiency  is  determined  from  equation  (1). 

The  analytical  model  and  computer  code  were  verified  by  checking  final 
results  with  a  desk  calculator  and  by  comparison  with  other  theoretical  results 
in  the  literature.   In  particular,  the  result  for  the  theoretical  model  agrees 
with  those  shown  in  references  [2]  and  [22]. 

The  required  dimensions  were  taken  from  the  collector  manufacturer's 
literature  [23,  24]  and  from  the  information  in  Table  1.   The  heat  transfer 
properties  for  the  collector  materials  were  generally  those  provided  by  the 
manufacturers  or  from  a  handbook  [25].   The  dimensions  and  heat  transfer 
properties  used  for  both  collectors  No.  1  and  2  are  shown  in  Table  Cl. 
Since  a  considerable  amount  of  uncertainty  was  associated  with  the  effective 
value  of  the  edge-loss  coefficient,  it  was  selected  primarily  on  the  basis 
of  giving  the  best  least  squares  fit  of  theoretical  to  experimentally  determined 
efficiencies.   The  experimental  results  also  influenced  the  selection  of 
the  "extinction  coefficient"  of  the  cover  materials  when  used  with  the  index 
of  refraction  shown.   With  these  two  parameters  specified,  equations  (19-29) 
can  be  used  to  calculate  transmittance  values  in  terms  of  the  beam  incident 
angle . 
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Table  CI,   Summary  of  Environmental  and  Operating  Conditions  and  Collector 
Properties  for  the  Theoretical  Performance  Model 


Environmental  and  Operating  Conditions:   "Standard"  Values 

2 


T^  =  20°C 
a 


^d  =  0-15 
S  =  45° 


U  =  1000  W/m' 


V„  = 


3  m/s 
15° 
Ethylene  Glycol  Concentration  =0.0 


G  =  0.02  kg/(s*m^) 


w 
9 


Dimensions  and  Heat  Transfer  Properties 
A.   PPG  Collector;  A^  =  1.602  m^ 
L   =  0.841  m 


Dg  =  1.2  cm 


kp  =  221  W/(m*°C) 


L^     =  5.35  cm 


Lp^  =  0.953  cm 
n   =  1.518 


"t 

= 

13 

D 

= 

1.27  cm 

Pi 

= 

1.5  cm 

h 

= 

1.524  mm 

e 
P 

= 

0.92 

»P 

= 

0.95 

H 

= 

0.045  W/(m* 

°C) 

«e 

= 

1.50  W/Cm^- 

°C) 

e 
c 

= 

0.85 

"ic 

= 

0.02 

KL. 

= 

0.04 

Lt  9 

= 

0.953  cm 

B.   CMC  Collector;  A^  =  1.789  m' 


L   =  0.860  m 


D^  =  0.5  cm 


k   =  47.6  W/(m-°C) 


L-   =  7.62  cm 


L   =  1.9  cm 
pc 

n   =  1.518 


t  =19 

D 

= 

4.07  cm 

^   =  8.5  cm 

S 

= 

0.911  mm 

e   =  0.12 
P 

a 
P 

= 

0.96 

^   =  0.045  W/(m* 

°C) 

Ue 

= 

0.90  W/(m2- 

°C) 

=  0.88 

T. 
XC 

= 

0.02 

L  =  0.035 
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A  typical  plant  can  save  about  20  percent  of  its 
fuel — just  by  installing  waste  heat  recovery  equip- 
ment. But  with  so  much  equipment  on  the  market, 
how  do  you  decide  what's  right  for  you? 

Find  the  answers  to  your  problems  in  the  Waste 
Heat  Management  Guidebook,  a  new  handbook 
from  the  Commerce  Department's  National  Bureau 
of  Standards  and  the  Federal  Energy  Administra- 
tion. 

The  Waste  Heat  Management  Guidebook  is  de- 
signed to  help  you,  the  cost-conscious  engineer  or 
manager,  learn  how  to  capture  and  recycle  heat 
that  is  normally  lost  to  the  environment  during  in- 
dustrial and  commercial  processes. 

The  heart  of  the  guidebook  is  14  case  studies  of 
companies  that  have  recently  installed  waste  heat 
recovery  systems  and  profited.  One  of  these  appli- 
cations may  be  right  for  you,  but  even  if  it  doesn't 
fit  exactly,  you'll  find  helpful  approaches  to  solving 
many  waste  heat  recovery  problems. 


In  addition  to  case  studies,  the  guidebook  contains 
information  on: 


sources  and  uses  of  waste  heat 

determining  waste  heat  requirements 

economics  of  waste  heat  recovery 

commercial    options    in    waste    heat    recovery 

equipment 

instrumentation 

engineering  data  for  waste  heat  recovery 

assistance  for  designing   and   installing  waste 

heat  systems 


To  order  your  copy  of  the  Waste  Heat  Management 
Guidebook,  send  $2.75  per  copy  (check  or  money 
order)  to  Superintendent  of  Documents,  U.S.  Gov- 
ernment Printing  Office,  Washington,  D.C.  20402. 
A  discount  of  25  percent  is  given  on  orders  of  100 
copies  or  more  mailed  to  one  address. 

The  Waste  Heat  Management  Guidebook  is  part  of 
the  EPIC  industrial  energy  management  program 
aimed  at  helping  industry  and  commerce  adjust  to 
the  increased  cost  and  shortage  of  energy. 


U.S.  DEPARTMENT  OF  COMMERCE/National  Bureau  of  Standards 
FEDERAL  ENERGY  ADMINJSTRATION/Energy  Conservation  and  Environment 


NBS  TECHNICAL  PUBLICATIONS 


PERIODICALS 

JOURNAL  OF  RESEARCH— The  Journal  of  Research 
of  the  National  Bureau  of  Standards  reports  NBS  research 
and  development  in  those  disciplines  of  the  physical  and 
engineering  sciences  in  which  the  Bureau  is  active.  These 
include  physics,  chemistry,  engineering,  mathematics,  and 
computer  sciences.  Papers  cover  a  broad  range  of  subjects, 
with  major  emphasis  on  measurement  methodology,  and 
the  basic  technology  underlying  standardization.  Also  in- 
cluded from  time  to  time  are  survey  articles  on  topics  closely 
related  to  the  Bureau's  technical  and  scientific  programs.  As 
a  special  service  to  subscribers  each  issue  contains  complete 
citations  to  all  recent  NBS  publications  in  NBS  and  non- 
NBS  media.  Issued  six  times  a  year.  Annual  subscription: 
domestic  $17.00;  foreign  $21.25.  Single  copy,  $3.00  domestic; 
$3.75  foreign. 

Note:  The  Journal  was  formerly  pubUshed  in  two  sections: 
Section  A   "Physics  and  Chemistry"  and  Section  B  "Mathe- 
matical Sciences." 
DIMENSIONS/NBS 

This  monthly  magazine  is  published  to  inform  scientists, 
engineers,  businessmen,  industry,  teachers,  students,  and 
consumers  of  the  latest  advances  in  science  and  technology, 
with  primary  emphasis  on  the  work  at  NBS.  The  magazine 
highUghts  and  reviews  such  issues  as  energy  research,  fire 
protection,  building  technology,  metric  conversion,  pollution 
abatement,  health  and  safety,  and  consumer  product  per- 
formance. In  addition,  it  reports  the  results  of  Bureau  pro- 
grams in  measurement  standards  and  techniques,  properties 
of  matter  and  materials,  engineering  standards  and  services, 
instrumentation,  and  automatic  data  processing. 

Annual  subscription:   Domestic,   $12.50;   Foreign   $15.65. 

NONPERIODICALS 

MoDographs — Major  contributions  to  the  technical  liter- 
ature on  various  subjects  related  to  the  Bureau's  scientific 
and  technical  activities. 

Handbooks — Recommended  codes  of  engineering  and  indus- 
trial practice  (including  safety  codes)  developed  in  coopera- 
tion with  interested  industries,  professional  organizations, 
and  regulatory  bodies. 

Special  Publications — Include  proceedings  of  conferences 
sponsored  by  NBS,  NBS  annual  reports,  and  other  special 
pubUcations  appropriate  to  this  grouping  such  as  wall  charts, 
pocket  cards,  and  bibliographies. 

Applied  Mathematics  Series — Mathematical  tables,  man- 
uals, and  studies  of  special  interest  to  physicists,  engineers, 
chemists,  biologists,  mathematicians,  computer  programmers, 
and  others  engaged  in  scientific  and  technical  work. 
National  Standard  Reference  Data  Series — Provides  quanti- 
tative data  on  the  physical  and  chemical  properties  of 
materials,  compiled  from  the  world's  literature  and  critically 
evaluated.  Developed  under  a  world-wide  program  co- 
ordinated by  NBS.  Program  under  authority  of  National 
Standard  Data  Act  (Public  Law  90-396). 


NOTE:  At  present  the  principal  publication  outlet  for  these 
data  is  the  Journal  of  Physical  and  Chemical  Reference 
Data  (JPCRD)  published  quarterly  for  NBS  by  the  Ameri- 
can Chemical  Society  (ACS)  and  the  American  Institute  of 
Physics  (AIP).  Subscriptions,  reprints,  and  supplements 
available  from  ACS,  1155  Sixteenth  St.  N.W.,  Wash.,  D.C. 
20056. 

Building  Science  Series — Disseminates  technical  information 
developed  at  the  Bureau  on  building  materials,  components, 
systems,  and  whole  structures.  The  series  presents  research 
results,  test  methods,  and  performance  criteria  related  to  the 
structural  and  environmental  fimctions  and  the  durability 
and  safety  characteristics  of  building  elements  and  systems. 
Technical  Notes — Studies  or  reports  which  are  complete  in 
themselves  but  restrictive  in  their  treatment  of  a  subject. 
Analogous  to  monographs  but  not  so  comprehensive  in 
scope  or  definitive  in  treatment  of  the  subject  area.  Often 
serve  as  a  vehicle  for  final  reports  of  work  performed  at 
NBS  under  the  sponsorship  of  other  government  agencies. 
Voluntary  Product  Standards — Developed  under  procedures 
published  by  the  Department  of  Commerce  in  Part  10, 
Title  15,  of  the  Code  of  Federal  Regulations.  The  purpose 
of  the  standards  is  to  establish  nationally  recognized  require- 
ments for  products,  and  to  provide  all  concerned  interests 
with  a  basis  for  common  understanding  of  the  characteristics 
of  the  products.  NBS  administers  this  program  as  a  supple- 
ment to  the  activities  of  the  private  sector  standardizing 
organizations. 

Consumer  Information  Series — Practical  information,  based 
on  NBS  research  and  experience,  covering  areas  of  interest 
to  the  consumer.  Easily  understandable  language  and 
illustrations  provide  useful  background  knowledge  for  shop- 
ping in  today's  technological  marketplace. 
Order  above  NBS  pubUcations  from:  Superintendent  of 
Documents,  Government  Printing  Office,  Washington,  D.C. 
20402. 

Order  following  NBS  publications — NBSIR's  and  FIPS  from 
the  National  Technical  Information  Services,  Springfield, 
Va.  22161. 

Federal  Information  Processing  Standards  PubUcations 
(FIPS  PUB) — PubUcations  in  this  series  collectively  consti- 
tute the  Federal  Information  Processing  Standards  Register. 
Register  serves  as  the  official  source  of  information  in  the 
Federal  Government  regarding  standards  issued  by  NBS 
pursuant  to  the  Federal  Property  and  Administrative  Serv- 
ices Act  of  1949  as  amended,  Public  Law  89-306  (79  StaL 
1127),  and  as  implemented  by  Executive  Order  11717 
(38  FR  12315,  dated  May  11,  1973)  and  Part  6  of  Title  15 
CFR  (Code  of  Federal  Regulations). 

NBS  Interagency  Reports  (NBSIR)— A  special  series  of 
interim  or  final  re|H)rts  on  work  performed  by  NBS  for 
outside  sponsors .  (both  govenunent  and  non-govenmient). 
In  general,  initial  distribution  is  handled  by  the  sponsor; 
public  distribution  is  by  the  National  Technical  Information 
Services  (Springfield,  Va.  22161)  in  paper  copy  or  microfiche 
form. 


BIBLIOGRAPHIC  SUBSCRIPTION  SERVICES 


The  foDowing  current-awareness  and  literature-survey  bibli- 
ographies are  issued  periodically  by  die  Bureau: 
Cryogenic  Data  Center  Current  Awareness  Service.  A  litera- 
ture survey  issued  biweekly.  Annual  subscription:  Domes- 
tic, $25.00;  Foreign,  $30.00. 
liquified  Natural  Gas.  A  literature  survey  issued  quarterly. 
Annual  subscription:  $20.00. 


Superconducting  Devices  and  Materials.  A  literature  survey 
issued  quarterly.  Annual  subscription:  $30.00.  Send  subscrip- 
tion orders  and  remittances  for  the  preceding  bibliographic 
services  to  National  Bureau  of  Standards,  Cryogenic  Data 
Center  (275.02)  Boulder,  Colorado  80302. 
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